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THE PROJECT IN BRIEF

The project covered by this Environmental Impact Statement is a research

and -démonstration activity jointly undertaken by the HGP-A Development Group,

———

cons;sﬁing of :he State of Hawaix, the County of Hawaii, and the University
of Hawaii, with the Hawaii Electric Light Company of Hilo (HELCO) paréici-
pating in an advisory capacity. HELCO is a subsidiary of the Hawaiian Zlectric
Company (HECO). The project objectives are to ascertain the dimensions and
characteristics of a geothermal resarvoir in Punma, Hawali, discovered by the
University of Hawaii and to test or demonstrate various economic uses of the
new resource. Up to five megawatts of the electric energy produced by the
well already in existence on the 4-acre site accommodating the project will
be sold to HELCO; the purpose of the project, however, is scientific -- to
investigate Ehe geothermal resource and its applicatioms -- rather than
commercial.

It is anticipated that a comtract with the U.S. Department of Energy to
design, construct and operate the research and demoustration facility will soon
be signed. Figure 1 is the summary schedule for the project, which was submitted
by the HGP-A Development Group and approved by the U.S. Department of Energy.
According to current plamning, the design and comstruction phase will require
two years. The system design will be completéd'by tﬁe end of 1978, and comstruc-
tion {s scheduled to begin omn March 1, 1979, and be completed by March 1, 1980.

The operxation and maintenance of the power plant will then be contracted
to HELCO for two years, During this period data will be gathered to deter-
mine the efficiency of a small geothermal elect*ic generator system. These
data can also be used in the comparison with other small generating systems
utilizing other conversion technology. At the end of the two-year operation
period -- March 1, 1982 -- a de;ision will be made, with the approval of DOE,

for the‘disposal of power plant equipment.
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The site (Tax Key 1-4-01:2, portion) is off the Pohoiki Road, about
& miles east of Pahoa, on land now owned by the Kapoho Land and Development
Company which will be bought or leased by the State of Hawaii.

When completed, the facility will include a generating unit which will
utilize steam from the well to turn a turbine linked to a generator, plus a
system of pipes which will direct thé geothermal fluid to areas within the
4-acre plot where various applications of geothermal energy (such as cooking
fruit, sterilizing food containers, freeze-drying coffee, processing wood,
growing and processing fish and shellfish) can be tested out. A detailed
deseription of the facilities proposed follows in Part 2.

Present status. At the time this Environmental Impact Statement was

being completed (March 1978), there was pending before the Planning Commission
of the County of Hawaii an application by the Department of Planning and
Economic Development for a special use permit covering the site of the Hawaii
Geothermal Research Station. The permit is required because the property is
in an area classified as an Agricultural District by the State Land Use
Commission and the proposed project is not a permitted use within this classi-
fication. Granting of the permit is also subject to approval by the Land Use
Commission.

The General Plan Land Use Pattern Allocation Guide Map designation for
the subject area is orchards. Zoning is Agricultural one-acre (A-la).

Construction of the facility requires receipt of the special use permit

and is contingent upon federal funding.

unl ala
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1. THE NATURE, SIGNIFICANCE AND FUNDING OF THE PROJECT

Scientific exploration has established the existence of geothermal resources
on the Island of Hawaii. First, in 1973, a 4,000 foot exploratory well drilled
in the Hawaii Volcanoes Mational Park by dr. George Xeller, under a grant from
the National Science Foundation, demonstrated that at depth 2 heat gradient
existed which, projectad to areas well below sea-level, would generate steam -~
if sufficient water penetrated the rock at that depth,

Then, in the first half of 1976, the Hawaii Geothermal Project, University
of Hawaii, drilled a 6,400 foot research well in Puna, dowm scme 5,800 feet below
sea-level, The well, designated ag HGP-A,l/ tested out with temperatures in
excess of 600 degrees Fahrenheit, possessing a fluid source which can be flashed
into steam with a wellhead pressure sufficient to power an electric generating
unit of four megawatts or more -- in itself a rasource of some commercial value,
but more important as evidence that a larger development of geothermal resources
may be economiéally feasible on the Big Island.

Geophysical and geological evidence suggests that other areas of the Island
of Hawaii besides Puna and the Hawaii Volcanoes National Park (where economic
exploitation of resources is not permitted) have geothermal potential, In fact,
on the basis of that evidence, the Hawaii Geothermal Project had planned to drill
at two additional sites, on the southwest rifts of Xilauea and of Mauna Loa, but
abandoned this more ambitious program of exploration for lack of funds. It is
now proposed to conduct extensive tests of HGP-A, the experimental well, and o
install and operate a wellhead generator with a capacity of up to ten megawatts
for the purpose of gaining operational knowledge about the production of geo-
thermal enerzy on the Island of Hawaii and to demonstrate the feasibility of
operations in a rift zone. Up to five megawatts of the elect¥icity generated,

surplus to the needs of the geothermal station, will be purchased by the Hawaii

1/ The location of HGP-4A 1s shown on Figure 6, belew. It bears the property
tax map number 1-4-02:2, (por.).
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Electric Light Company (HELCO). (HELCO will buy up to two megawatis during
periods of light load and may purchase up to five megawatts during heavy load
periods). The electricity will be fed iato the HELCO transmission system which
serves the Island of Hawaii. It is anticipated that approximately 90 percent
of the project will bé funded by the federal govermment, with the State of
Hawaii contributing $400,000 and the Couﬁty of Hawaii $100,000,

If funds are sufficient, application of geothermal energy to uses other
than the generation of electricity may be cested at the station. These uses
involve direct utilization of the entire fluid obtained, or use of the flow
of hot water after it has left the generating unit and before it is directed
back into the ground.

No additional drilling is presently plamned by this project for the é4-acre
site on which HGP-A is Iocated; but one or more step-out wells may be drilled
by others in adjacent acreage to test the size of the geothermal raservoir.*

A long-term purpose of the project is to further the development of
geothermal resources on the Island of Hawaii, not only those tapped by HGP-a,
but also the reservoirs which may lie elsewhere along the rift zomes in Puma.
For that reasom, this E.I.S. considers the environment oif the entire Puna
District, though i1t does examine with greater particularity the conditions of
water, air, flora and fauna of the immediata vicinity of the project area on
the lands of the Kapoho Land and Development Company, approximately 4 miles

southeast of the village of Pahoa.

INTEREST OF THE STATE IN NEW ENERGY SOURCES

The paradoxical position of the State of Hawaii with respect to energy
has been much commented on since the national petroleum crisis in the winter
of 1974, Naturally, Hawaii is lavishly supplied with enmergy from the sun,

trade-winds and the action of the sea, but completely lacks the fossil fuels

* See also page 66 for possibility of drilling reinjection well.
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used as standard energy sources by contemporary technology. A few small hyﬂro-
electric facilities on Xauai and Hawaii produce some power ont those islands,

and on some sugar plantcations, notably on the Island of Hawaii,.burning the
bagasse (left in the sugar mill after the juices have been extracted from the

cane stalks) generates considerably more -- but the combined contribution of

these two indigenous energy sources to the State's consumption of 3TU's is but

a tiny portion of the total.g/ Weil over 90 per cent is derived from petroleum
products, the bulk of which is refined on Oahu érom crude cil imported from
-abroad and then sold ét-prices above those wnich generally avail oa the conti-
nental U.S,

'?ar;ly as a consequence of the high cost of petroleum, eie;tricity Tates
in Hawaii aré amonglﬁhe very h£ghesc in the United States. The average here
is brought up by the high ratés in the neighbqr islands, For example, as of

August 12, 1977, residences dsing only 500 kilowatt-hours in a month would have

paid these bills: on Qahu, $25.18; Maui, $34.43; ﬂawall 537. 71) Lanai, $36.03;

: 3/
Kauai, $37.84; and Holokai, $39.29.”

Since 1974, there has been a heightened concern about Hawaii's virtually
complete dependence on petroleum shipments, not only the costliness but also’
the uncertainty of.maintainiﬁg the vical flow of oil under the hazards of
.political instability in the Middle East and in Southeast Asia. A wvariety of
energy soufces indigenous to Hawaii (as well as auclear power plants, which

apparently are not yet scaled down to a size economical for Hawaii) are being

2/ In 1976, the amount coming from hydroelectric power was estimated at
.40 percent while 6.20 percent of the total energy consumption came from
the burning of solid wastes, i.e., bagasse. See Figure 1, "Flow Diagram
of Energy Consumption in Hawaii: 1976," in Energy Use in Hawaii State
Energy Office, Department of Planning and Economic Development, November 1977.

3/ Rates supplied by the Hawaii State Public Utilities Commission. For
ccmparisons with Mainland cities, see Federal Power Commission, Typical
Electric Bills, (Washingtom, D.C., annual).
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investigated. These include solar collection, wind energy conversion, solid
waste and biomass conversion, utilizirg the heat differential of off-shore ocean
waters, and geothemmal energy.

These potential new sources of power offer promise of supplying significant
quantities of energy, taking "significant" to mean 10 Per cent or more of the
total electrical energy demand of the State.i/ at this writing, geothermal power
seems to offer greater possibilities of near-term development to econcmic signi-
ficance than any other iadigenous energy source, aven though solar hear is the
first to be used, already being utilized in many homes in Hawaii to heat domestic
water supplies, and the use of bagasse for generating electricity may be expanded,

The exploratory well, EGP-A, gives preliminazy indication that one or more
geothermal raservoirs may exist in Hawaii, having a temperature and pressure
adequate for commercial exploitation, either in the production of electric power
or by direct applicatiomns of the hot water/steam coming from wells tapring the
resource. It has yet to be established, however, that a reliable power source

can be located satisfactorily in an active volecanic zone; this will be tested.

Further, the projected research and demonstration facility will serve as a research

tool for appraising the geological and engineering characteristics of the test
well as used in production. Further, the facility can be used for researching
modes of direct application of the heat, as in agricultural and industrial uses,
By helping to define the nature and extent of the geothermal resource ip
Puna, and by demonstrating how che resource may be used in electrical and non-
electrical applications, the facility may be instrumental in shaping the develop~

ment of this new 2nergy source and in setting local standards for its utilization.

47 Comparison of these potential energy sources ig made in-a 1975 report
of the (Hawaii) State Advisory Task Force on Energy Policy in Alternmate Energsy
Sources for Hawaii, Honolulu, Natural Energy Institute of the University of

Hawaii and the Department of Planning and Economic Development.
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2. TMMEDIATE AND LONG-TERM PROGRAMS AT THE GEOTHERMAL RESEARCH STATICN
Now the Station consists essentially of a geothermal well which is
muffled and fenced off for security. A wellhead generator and other faci-
1ities needed to use the well for ragsearch and demonstration (described in
Part 3) are to be installed about one year after the contract with the
Department of Energy is signed--a one;year design period folleowed by a
one-year construction period is anticipated. The generator will probably
be installed toward the end of the construction period. This time-frame
breaks the programs at the Station into two ma jor phases--activities before

installation of the generator and after.

A, Pre-installation programs.

After permission to proceed is_received from the State and County
governments, a series of flow tests will be conducted to collact data necessary
for designing the turbine generator. The information required includes fluid
chemistry amalysis, composition of gases, fluid heat, pressure, corrosion samples,
etc., and will be obtained by flowing the well for periods up to eight hours per
day, usually less, during daylight hours of weekdays., No testing will be dome
before 7:00 a.m. or after 7:00 p.m. A maximum of 20 tests is anticipated and
as few as 10 may be needed. Flows will be conducted with the existing silencing
equipment, which limits noise to approximately 80 decibels, mgasured at the road
ad jacent to the sice.

During comstruction of the facilities listed in the next part (approx-
imately nine months from early 1979), there will be a series of equipment shake-
down tests. Before the odor and noise control systems are in place, tests will
be limited to the aforementioned times and duratiom. However, once noise and
smell are so contained that the operation of the well is not-a nuisance, (holding
both sources of pollution to levels much below what is required by law), the flow
tests may be continuous for as long as the shakedown testing requires. Similar
testing w;ll be done after the total turbine gemerator is installed.

-8
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B, Post-installation programs.
The wellhead generator is plamned to be on line by early 1930. ~From
that time, results of generating electricity Irom a geothermal reservoir in a
young volcanic region will be analyzed in terms of stability and efficiency
relative to oil-fueled generating plants. It is also planned to scudy direct,

non-electrical uses of geothermal fluids in agricultural, industrial and aqua-

cultural applications, as noted in Part 3.

Program Implications

Yhile the long-term implications for the Island and State of Hawaii of
a successful demonstration of geothermal energy are greac, the environmental
affects of the Geothermal Research Station itself are quite limitad, Part £
demonstrates that the operatiom of the well has caused no significant changes
in ambient air or water conditions measured before drilliag; that there is no
endangering of valued.flora or fauna; that no archaeclogical sites are near the
4eacre project. Nor would demands of any significance be made upen the housing

supply or social infra-structure of Puna (described in Part 5) by the score or

so of persons who would be working at the Station at any time. The other impacts

of the project are essentially esthetic -- noise, smell and appearance -- and
these lazgely subjective factors are considered repeatedly (above and in Parts
3 and 6) because of the importance of setting a high environmental standard in
the operation of this public facility.

However, it is the long-range effects of this demonstration project which
may be of greater impact, if the Station stimulates geothermal drilling and
resource application in Puna and elsewhere. For this reason, much of the
Statement (Parts 5 through 9) addresses the question of how Puna District

would be affected by a broader geothermal development,
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3. DESCRIPTION AND USE OF THE FAWAIY GEOTHEZRMAL RESEARCH STATION

The Station will consist of a research power plant and facilities for
research and development of electric and non=-electric uses of the geothermal
resource, The power plant will assist the development of gecthermal energy
in Hawaii through the demonstration of hew electricity can be generated from
the heat of a young volcanic geothermal reservoir. The operational risk levels
associated with energy production from this source will be evaluated and
environmental constraints that may be associated with the long-term production
of fluids from a reservoir of a volcanic regime will be determined.

The R&D facilities will test concepts, hardware components and sub-systems
involved in electrical applications of the resource. Further a wide range of
non-electrical uses can also be tested at the Station, including agricultural
applications, such as controlled-enviromment cultivation; industrial food-
processing, such as canning, freeze-drying and juice preparation of locally
grown fruits; and aquacultural applications, such as raising baitfisn.

Detaills in the following description rely on the grant proposal to the
Federal Department of Energy to fund a wellhead generator and associated
facilities for the project. Although some details are subject to change --
depending on the funding obtained -- the statements are sufficiently firm to
give specificity to the project dasign.

Functiomally, the R&D facility propesed for comstruction at the HGP-A well
site will consist of these elements:l

A, Equipment for extracting hot fluids from the experimental well for
various applications and then returning the effluents back into the geothermal
reservoir below the site, Figure 3 identifies these components: (1) the exist-
ing well; (2) the silencer; (3) the drain field; (4) the steam-water separator;
(18-20) the irom catalyst injection system, clarifier, sludge drier and compactor

to remove hydrogen sulfide (st); and (22) the cooling towers. The injection

well shown (21) will be added if feasible and necessary. (See page 66)

-10-
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B. A power plant gor converting geothermal energy, as steam, into
electricity, including: €)) demister; (6) Curbine; (7) generator; (g) condensors;
(lé) switchgear: (13) transformer; (15) loadbanks for handling pover in excess
of what can be transmitted or used on the sitae; and (%) a control center,

C. The R&D test facility (23) consistiang of no more than thrae test
pads for trying out electrical and non-electrical ysgeg of the geothermal resource,
as exemplifiad above,

D. Jecessary administrative facilities, shown in the upper left of
the artisec’s sketch (Figure 2), including ap office, laboratory, maintenance
area, storage and pafking.

E. Yot shown on the sketch because it ig ot yet locatad but to be

within the 4-acre site: a visitor's education Center, g shelteq area outside

thermal Phenomena and hew the resource is being utilized,

components follows,

'“11-
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General Description

The 4-acre site divides naturally into an upper and lower portion of

‘roughly two acres each, There is presently a water pound on the upper 2-acre

portion, which was used to supply water during the drilling of EGZ-A.

The general grade of the property falls to the southwest and appears to
be very porous. Yo drainage problems appear imminent. There are two ways
that used fluid from the research statiom could be disposed of, namely,
through a drainage pond or through a reinjection well. During the design
phase of the project, bdt@ methods will be studied and a decision will be made.
1f a drainage pond is used, it will probably bé excavated on the upper portion
of the site, which will remain essentially undeveloped.

The facilities indicated are located in an area approximately 200 feet
by 400 feet rumming in a northeast direction from the Pohoiki Road and completely
surrounded by a security type chain-link fence. The redwood slatted cooling
tower has been placed between the road amd all of the equipment to present an
asthetically pleasing appearance and to keep the tower dowmwind of the plant
components to prevent water carry-over to the plamt.’ The power plant, consist-
ing of the turbo-generator, demister and barometric condenser, has been located
close to the production well and steam separator to keep the insulated, large-
size piping lengths as short as possible because of their high cost. Any
objectionable noise from the existing silencer in the present location should
be muffled from the populated areas by the cooling tower. The switchgear and
transformer area is adjacent to the turbo-generator to reduce wire lengths and

to take advantage of the adjacent location of the HELCO grid.

-12-
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FIGURE 2 : Artist's Sketch of Hawaii
Geothermal R&D Facility.
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Specifics of the Proposed Facilities

It is again noted that the generator and associated equipment have yet
to be selected, and there may be minor variatioms in the plot plan of the
research station when the major items of equipment have been selected and the
design completed, It is anticipated that the design phase will be completed
12 months after the project's start date. Thus, the facilities on the accompany-
ing plot plan are those now anticipated for the research statiom; they closely
resemble the equipment that will eventually be installed, but some changes or

modifications are probable.

1. Production Well HGP-A

HGP-A is the well drilled to 6,435 feet by the Hawali Geothermal
Project. The fluids from HGP-A will be used to run the turbo-generator system
to produce electricity. HGP-A has tested out with temperatures in excess of
600 degrees Fahrenheit, and a wellhead pressure between 60 and 70 p.s.di. :This
pressure is sufficient to power an electric generacing unit of several mega-
watts, Up to five megaﬁatts of electricity will be sold to the Kawaii Electric
Light Company.

Any electric power generated at the station in excess of what 1s sold
will either be utilized to experiment with electrical applications in the R&D
test facility or be dissipated in the station's resistive load banks. Valves,
gauges, accessories and mounting equipment will be installed on the wellhead
to control and monitor fluid flow.
2, Silencer

A silencer will muffle the noise that accompanies the release of
geothermal fluids to the atmosphere to prevent a nuisance to the persons living

in the vicinity and to protect the personnel working in the area,

“15-
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3. Drain Field

The drain field is the existing pit into which geothermal fluids from
the well are presently discharged., If a reinjection well is drilled or a new
enlarged drainage pond is developed, this draim field will no longer be needed.

4, Steam-Water Separator

The function of the steam-water separator is to receive the two-phase
fluid as it comes out of the wellhead and separate it into steam and water,
The two-phase fluid enters the separator through a tangential inlet duct and by
centrifugal action the water is separated at the walls and settles to the bottom
of the vessel while the steam rises over a central pipe that serves to exhaust
the steam., The liquid phase is exhausted from the vessel and sent tb the drain-
age pond. This piece of equipment will be 25-30 feet high.
5. Demister

A demister is a cylindrical tank with an internal arrangement which
promotes a centrifugal separation of particles. The function of the demister ig
to remove encrained water droplets from the steam, before it enters the turbine.
Steam coming from the steam/water separator contains minute quantities of water
and dissolv;d solids. If these droplets are permitted to enter the turbine,
they will cause erosion and corrosion problems that will reduce the life of

the blades and cause shutdowns and costly maintenance problems. The demister

"will reduce the moisture contaent of the steam to a level that can be tolerated

by the turbine for long~term operation.
6. Turbine

A condensing turbine will be used in which the steam expands in several
stages and supplies shaft power to an electric genmerator. The turbine will be a

20 to 25-foot high structure.

-16-
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7. Generator

The generator transforms the mechanical energy from the turbine into

electrical energy.

8.a. Barometric Condenser and 8.b, Hot Well

The function of the condenser subsystem is to condense the vapor
exhausting from a turbine and reduce the back pressure on the last stage. To
accomplish this it is necessaxy not only to condense the water vapor but also
to remove the nmon-condensable gases that accompany geothermal steam. The
condenser subsystem, therefore, consists of a condenser, steam eductors to
remove non-condensables, and water supply and pumps.

9, Control Trailer and Motor Control Center {MCC)

These are two transportable 8'x8'x24' building modules, adjacent to
the turbo-gemerator, which house the motor control center and office for the
power plant. This building has been isolated from the other support buildings’
because of the separate functiom and operation of the power plant,

10. Lube Coolex

This piece of equipment cools off the lubricants for machine bearings.

11, 6verhead Duct

The function of the overhead duct is to house the insulated conductors
which serve as feeders from the generator to the substation, The feeders from
the substation to the station service transformers will be conductors routed in

a similar fashion.

12, Switchgear

The generator and low voltage switchgear protects and separates the

~

generator from the transformer. It also supplies the plant with all the low

voltage power needed,

-17-
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13, Transformer
The. transformer steps up the low voltage power from the gemerator to
HELCO transmission voltage,

14. HV Switchgear Assembly

The high voltage switchgear assembly protects and separates the trans-
former from the HELCC system.
15. Load Banks

These load banks will dissipate any excess power generated from the
generator system which cannot be transmitted,

16, Lightning Arrastors

These prevent lightning from damaging the facilities and equipment on
the power plant site.

i17. Instrument Air Compressor

The air compressor system provides compressed air as needed for
instrumentation.

18.a. Iron Catalyst Injection and 18.b., Coagulant Aid Injection

The ircn catalyst system is an st abatement system which includes
the catalyst injection system, the clarifier, transfer pumps, the flocculator/
clarifier, and the sludge handling system. The catalyst injection system
injects ferric ions (via ferric sulfate) into the cooling water in the cooling
towers. The fervic ions react with the dissolved HZS to yield elemental
sulfur, water and ferrous ioms., As the cooling water is aerated in the cooling
tower, the ferrous ions react with oxygen to reform ferric icms, thus providing
continuous regeneration of ferric ions te sustain the HZS reactious which repeat
continuously to yield sulfur. The sulfur thus formed is removed from the system
via clarifiers (after flocculation) as a sludge and disposed of in accordance
with County regulations. A maximum of 1,000 Ibs. per day of sulfur will be

produced,

-18«
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19, Clarifier
The clarifier is a partially buried, pre-assembled steel tank in

close proximity to the injection pumps and well, and also close to the clarifier

sludge handling system located on the access road for easy removal of the sludge.

20, Sludge Dryer, Compactor and Container Fill

See "Iron Catalyst Injection' above.
]

91.a. Injection Well and 21.b. Injection Pump (provisional)

The injection well and injection pump are used to reinject all geo-
thermal fluids extracted from the resource less those used for research and
demonstration applications or evaporated in the cooling tower,

22, Cooling Towers

The function of the cooling tower is to pravide the water required
to condense the vapor that is exhausted from the turbine, and the vapor that
enters the interstage condenseré of mﬁltiple stage gas ejectors. This is
accomplished by cooling the water, including the condensate, from the condensa-
tion temperature (115°F) ro the condenser feed water temperature (85°F). The
cooling is dome by the evaporation of water which occurs when air is passed
through a curtain of falling condensate/cooling water, Cooling towers will be
the most visible pieces of equipment at the research station because of their
relatively large size.

The cooling tower depicted in the plot plan is composed of three
modules, each of which is 60.5 by 29 feet, 18 feet high, and sits in a concrete
bagin 1.5 feet deep. Another type of cooling tower that could be utilized is
a 36~foot square unit within a rotal height of 53 feet.

The water which will be used for the jpitial fill of the cooling
tower system and used for the make-up of the cooling tower will be water that
is produced by the existing production well in the form of coudensation from

the separator aund from the turbine generator. Because the geothermal water

-19-
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analysis indicates that the water has a relatively low concentration of salts
or other impurities (other than the HZS)’ the geotﬁermal water will be more
than satisfactory for the cooling systems and any search for addiciomal or
alternate sources of cooling water Is not necessary.

23. R&D Test Facility

The research test facility will be designed to accommodate experiments
in electric and non-electric applications in support of local, State, and national
needs to develop and utilize geothermal energy. The test facility will comsist
of up to three test pads, ome of which will be designed specifically to test
energy conversion systems. The test pads will have concrete floors and each
pad will be approximately 35 feet square. ALl test pads will be supplied with
three geothermal fluid types (steam, hot brine, and a bi-phase mixture of steam
and saturated water) for optiomal use by experimenters. In additionm, electrical
services, cboling.water and compressed air will be provided to the test pads,
as will instrumentation to monitor the temperature, pressure and flow of the
geothermal fluids.

The test pads will be covered by a roof to protect the test equipment
from thg rain.

24, Site Piping

Piping will be vouted throughout the site on elevated pipeways. Pipe,
pipe supports, and pipeway strucfures will be designed and painted and coded in
such a manner as to permit efficient maintenance procedures.

Lines carrying hot fluids will be insulated for both persounel protection
and heat conmservation. Expansion joints or expansion loops and pipe anchors will
be utilized where required. Vibration isolators will be used oan pumps and air
coupressors.‘ Bypasses and flanged connections will be used on control valves,
flow orifices, and other equipment where frequent calibrgtion or maintenance may

be required.
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25. Louvered Redwood Fencing

Slatted redwood architectural screens and selected plants will bde
placed around the site of éhe research power plant to mask the industrial
appearance of the equipment.

26, Visitors' Education Center

An exhibit will be comstructed on the site to explaih the processes
of generation and use of geothermal energy resources. The exhibit,‘intanded
for both local residents and tourists, would include color photographs, audio-
visual gids and possibly dem&nstration exhibits. 'It will lie at the periphery
of the project s;te, but within the 4.1 acres, at a precise'qut yet'ﬁo be
determined.

27. Roads, Parking and Security .

The access road and plant foads will be designed to nandle :ﬁe legal
maximum length for highﬁays of semi-trailers (55 feet).

Parking will be provided in close proximity to each of the operating
functions of ahé research facility, as indicated in the plot plan. Parking
areas and roads. will be.paved.

In addition to the entire area being surrounded by a fence, the

switchgear yard and the maintenance and work yard are further procected with

. an 3-foot chain-link fence and barbed wire,
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4, ENVIRONMENTAL SETTING: THE DISTRICT OF PUNA PRIOR TO GEOTHERMAL JEVELOPMENT
4. The physical enviroument generally.l/

The Puna District, site of the exploratory geothermal well, is the
easternmost projection of the Island of Hawaii, comprising approximately one-
eighthh of its 4,033 square miles., Much of che District is formed by undissected
voleanic uplands, that of Kilavea to the north and that of Kalapapna to the south,
but between, running from the Xilauesa Caldera Complex eastward to the sea around
Cape Kumukahi, is the Puna cone and crater area, marked by pu'us and craters of
recent eruptions, notably that of 1955. Figures 4 and 5 show the historic lava
flows on the Island of Hawaii and in east Puna.

With an estimated mid-1976 population of 7,800, Puna is the second
most populous of the nine districts of the Big Island -- some distance behind
South Hilo District, where approximately 40,000 people live. The basis of
comparison is made clearer by noting that only two 'towns" in Funa, Xea'au and
Pahoa, contain as many as -- and not much more than -- a thousand people. Most
of the residents of Puna live near the chief enterprise of the area, the Pumna
Sugar Company, or in widely spaced clusters of houses along the coast, A
slowly increasing number of people have homes in the new and largely undeveloped
subdivisions which have been drawn across the map of the District, served by
county-dedicated roads. There are only a dozen houses within a mile radius of
the drill site itsel€f.

Over half of the Puna District is thinly covered by histosols, sparse
organic soils, which commonly occur on geologically young lava lands. In a band
stretching across the west central part of the District -- to the west of the

well site -- i{s an area of entisols, weakly developed soils found on old Seach

-

1/ Much of this section is derived from a report of the Hawaii Geothermal
Project: Environmental Baseline Study for Geothermal Development in Puna, Hawaii,
(University of Hawaii, September 1976).
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University of Hawaii Press, p. 86.
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sand and volcanic ash. On this land has developed an area of marked environ-
mental contrast: there is fertile soil and lush vegetation over the lower-lying

fields, while the geologically younger upper slopes are dotted with ohias, which

are the most common and most widely distributed species of native trees in Hawaii.

Despite abundant rainfall, much of the area around the geothermal site, where
recent lava flows have blackened the land, 1s a2 suburban wildernaess of empty
subdivisions. 1In a few places, thin plumes of steam mark vents where the under-
ground heat of the area escapes into the atmosphera. To the east, however, lies
one of the major papaya aresas of the State, and to the west, beyond a stretch of
sparsely occupied subdivision, are productive sugar lands. Along the coast, the
ocean beats against black lava cliffs. Where there are beaches, they, too, are
usually black, produced by the explosion of hot lava meeting the sea.

The fact that the project area was covered by lava flows as recently
as 1955 necessarily enters into any counsideration of long-term develcpment.
There is yet no means of estimating the probabilicy of another lava flcw: or
of a disabling earthquake, over the decades that a geothermal field may remain
in operation. However, the wvulnerability of a geothermal field to such destrue-
tive forces is not total, While any surface installations -- the gathering
lines, separators, condensers, generators, ete, =-- may be destroyed by quakes
or by flows which are not divertad (as by protective dikes), the wells themselves
are not necessarily so vulnerable. An earthquake of 7.2 Richter-scale magnitude
was experienced as HGP-A was being drilled and scarcely affected the operation,
50 stable was the bore. Since lava flows seldom exceed 15 feet in depth, the
wellhead could be protected by a reinforced concrete casement; even 1f a well
site should be innundated with lava, as long as the wellhead was clearly marked,

it could be opened up again in several years, after the lava cooled.
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3. Groundwater supply¥®

The hydrology of the Puna District is not well established. The
general hypothesis, as in other portions of the Hawaiian Islands, is that the
area Is underlain by a lens of basal water floating on salt, with a relatively
narrow band of dike-confined water (not floating om salt water) running across
the southern part of the District, and with a coastal zone of brackish basal
water west of Kalapana.gl As noted below at page 62, it may be that basaltic
dikes block off the fresh water lens from the geothermal reservoir tapped by
the experimental well,

Sampling of seven water wells within a radius of about two and
one-half miles from the geothermal well site revealed high salinity (above
270 mg. per liter) in four of the seven and at depths no greater than a few
hundred feet below sea level, .While salination of basal water due to inter-
mixing with underlying salt water is a common phenomenon in coastai areas,
where unconfined fresh water lenses are thimnest and easily perturbed by
tidal effects or heavy pumping, the relatively high salinity of inland wells
(such as Malama-ki, Geothermal No. 3, and Airstrip Well -- see Figure 1l1)
suggests that the Ghyben-Herzberg lens, in which fresh water floats on salt
water, if it exists in the portion of Puna around the exploratory well site,
is subject to greater intrusion by salt water at the high temperatures of this

geothermal regime.

* Research on this section was done by Dr. Robert W. Buddemeier, Associate

Professor of Chemistry, Dr. Peter Kroopnick, Associate Professor of Oceanography,

Dr. Theodorus Hufen, Research Associate in the Hawaii Institute of Geophysics,
and Dr. L. Stephen Lau, Director of the Water Resources Research Center.

2/ H. T. Stearns, Geology of the Hawaiian Islands, (Honoluiu, Department of
Land -and Natural Resources, 1967. Reprint of Bulletin 8 of 1946).

-31-



-32-

plemey “eund ‘bupadg pue sy|oy patdues jo uoiIeso] :iya4nblds

ua"...az yayovag ﬁﬁ

futpadg "o
T8 9

Tadg xuuw
piey odwusl
NS

1[en UodTTIv

ayeyg ouodex 6

Te4 dja38afe .

(eag royud) S-6\3

O S S AU SR Y AN T ot T N e S v e I e JN SO N D B IR Y

P i (R e A % TS R o o e ki a4 %




Yot e

L.

B

L.1

arar

PR

[

)

{

C.a

3

r_:

3

Groundwater in the area and, for control purposes, rainwater samples
as well, were tested not only for the chemical characteristics (Table 1), but
also for its microbiological qualities (Table 2). Moderately high values for

coliform bacteria were recorded at Isaac Hale Park Spring, where the geothermally

" heated pool is used for casual bathing, and a much higher count was observed for

the sample from Allison Well. Otherwise, no results of a cautionary nature wers
reported in.the baseline study. As testing of the exploratory geothermal well
proceeds, the existing water wells will be monitored for Ehanges in chemistry

or microbiology which may accompany the test flows.

C. Geothermally-related chemical toxicants in air, water, soil*

Particular attention must be given to ascertaining if the chemicals
commonly found in geothermal water or steam poée a threat t& the environment.
From May 19?? to date, the environs of HGP-A have been tested for mercury and .
toxic gases, particularly the sulfur compounds known to be emitted in gécthermal

areas, With respect to the fixed gases -- SO2 and HZS - there'has been no

evidenca of change from pre-drilling through recent flashing experiments (Table 3).

These values have been cousistently at or below detection thresholds and well

under hazardous levels in spite of the proximicy (25 miles) of natural vents

in the Volcanoes National Park which supply these sulfurous gases continuously.

In these fumarole areas, the measurement during 1971-76 yielded peak values as high

as 25 ppm for SO_ and 5 ppm for HZS. These toxic emissions apparently reach the

2
HGP drill site area only infrequently and for brief periods. Thelr lack of

persistence may be an important environmental consideration. Aside from comvective

# Dr. Barbara A. Siegel and Dr. Sanford M. Siegel, respectively Associate
Professor of Microbiology and Professor of Botany, jointly investigated potential
affects on air quality, the soil and plant life in the area, with the assistance
of Dr. Thomas Speitel, Research Associate in the Department of Botany, and the .
following students voluntarily worked with the Professors Siegel omn geotoxicology
testing: Willie Cade, Melvin Calvan, Anna LaRosa, Kapuanani Lee and Hope Stevens.
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TABLE 3

TESTING FOR CHEMICAL TOXICANTS AT THE

HAWAIT GEOTHERMAL PROJECT WELL: A CHRONOLOGY

RESULTS OF ANALYSIS

DATE STATUS OF FIXED GASES' Y , MERCJRY

WELL 502 st Airc Water® Soil’ Plant
May 1975 Pre~drilling 0.5 <0.5 11 2.5 43-59 130/263°
May 1976 Post-drilling <0.5 <0.2 1.2 5.0 141/356 160/571
June 1976 Preliminary <0.5 <0.2 1 3.0 -- --

well test
July 1976 Flashing <0.5 <0.2 9.9* 4.6 - -
November 1976 Well shut down -- - >10.0* - - -
i

April 1977 Well shut down <0.5 <0.2 -- -— -- --
July-Aug. 1977 Well shut down <0.3 <0.2 0.8
L In ppm 3 In ug/1
2 In pg/m’ 4 1n ug/kg

5 Nutgrass within 50m, Ohia-fern at ca.

100m distance.

* These high values for mercury, even when the well was shut down, seem to

reflect elevatad activity along the tast

T2t witn tne tormation of new

emission centers, such as Heiheiahulu, rather than emissions from the well.
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and wind dispersal processes, these gases may be oxidized both photochemically
and biochemically to sulfates, and the capacity both of soil microorganisms
and vegetation for metabolizing these sulfur gases may contribute to ecological
"detoxification.'

The same consideration camnot be applied to mercury. LIt is a potential
téxicant in any form, although more so in elemental and alkyl forms. Various

~

figures have been cited for maximum allowable air mercury,. Schroederg nas
suggested an 8§ hour occupational limit of loug/m3 but recommends no more than

3
0.lug/m- for continuous exposure of the populacion at large. Applying a

3
provisional Federal exposure value of luglm as a reference figure, it is

obvious from Table 3 that HGP drill site levels were at threshold up to the
flashing experiment, but it is also clear that up to the 22 July 1976 flashing,
the mercury levels were area values not related to drill site operationms.
Hawaiian thermal areas are essentially like those elsewherelin the world with
respect to mercury in air, water, soil and plants (Table 4), with norms tending
to be appreciably higher than in nonthermal areas.

The upsurge of air mercury levels during flashing was originally
thought to have been a '"burst' releasing accumulated mercury at depth, During
the July 1977 testing, it was not known that a new East Rift Zone emission center
-- the Heiheiahulu spatter cone about eight miles to the east of the well -- had
been active for some months. When that was made knowm, the cone was tested and
found to be a highly intensive mercury emitter and the probable source of the
relatively high level recorded at the flashing of HGP-A. Subsequent measurements,
made in Jﬁly-September 1977, show the presence at the well site not only of air

mercury but alsoc of SO2 and HZSO4 -~ although the well itself had been shut down

3/ Schroeder, H., Air Quality Momograph No. 70-16, American Petroleum
Institute, Washington, 1971.
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TABLE 4

MERCURY LEVELS OUTSIDE THE HGP-PUNA DRILL SITE AREA:

COMPARATIVE AIR AND WATER DATA, 1971-~1976

SAMPLE HG CONTENT
Air ‘wg/mS
" Thermal
Hawaii 0.7-40.7
Iceland 1.3-37.0
U.S.S.R. 0.3-18
Kamchatka-Kuriles
Non-thermal
Hawai i . 0.04-0.3
Iceland 0.62-1.0
New York $0.074
Qndmmﬁ. 0.03-0.21
Eastern Pacific <0.0007
(open sea-west of California)
Water ug/1
Poipu Beach (Kauai) 2.1
Kuhio Beach (0Qahu) - 2.3
Nuuanu Stream 0.6
Oahu aquifer <g.2
Rain, Hawaii, January 1972 0.20-0,25
Island of Hawaii, general .
HVNP fumarole condensate, 1972 20-80
Western Atlantic, general 0.01-0.30
Hawaii aqu}fer (Puna) A<0.5
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since May 1977. The presence of these toxic gases can ouly be ascribed to
natural area contamination, not emanating from the well itself.

Tests conducted since drilling of HGP-A began have yielded no evi-
dence of a sustained build-up of mercury or any other potentially toxic ele-
ments at or around the well site rhat can be attributed to geothermal energy
development operations. The conclusion reached by the researchers is that
"+hers is no reason to assume that 4CP-A itself has any negative emission Zea~-
tures)beyond nuisance value HyS and noise, but is (itself) influenced by its
proximity to natural geotoxicant sources."ﬁl

D, Flora and Fauna

(1) Plants¥*

While there are trees on the Puna landscape -- the ohia just notad,
roadside or backyard mangoes, citrus, monkeypods and other ornamentals =-- the
District is by no means forest-covered. K There are four state forest reserves
in the District (Nanawele, ¥alama-ki, Keauhohana and Puna), but only the latter !
{s extensive and none rate among the choice pimber areas of the Big Island.
Norfolk pines have been planted east of Pahoa in am attempt to supply the local
Christmas tree market, but they have not flourished,

It was beyond the resources of the Hawaii Geothermal Project t£o assess
the lesser flora of the Puna District in any detail, GEowever, an area within a
mile of the drill site was examined, and it seems sufficiently representative of

those inland sections of che District which are not either in cultivation or

4/ S, M. and B, A. Siegel, "Emissions at HGP-A and Natural Vents, July-August
1977," Hawail Geothermal Project Geotoxicology Supplement (HGP 4.1), August 22,
1977, p. 4. Suppressiomn of noise and smell is discussed in Sectiom 5, below.

%# Research on this section was done by Barbara A, Siegel and Sanford M. Siegel,

assisted by Thomas Speitel and the following students: Willie Cade, Melvin Calvan,
Anne LaRosa, Kapuananai Lee and Hope Stevens.

-39-

PSP Rt Bttt



R T T L & £ g P % e £

e e e s b B A B e Tt S A PP T A

[}

_

(-

L.}

[t

.-

i

well populated -- and these relatively empty places comprise the bulk of the
District -- to warrant inclusion in this description of Puna at large.

The well site is on an exposed lava flow of 1955. The undisturbed
part of the flow consists of barren aa, covered by a dense growth of lichens,
with scattered ferns and ohia lehua., Further off, around Lava Tree State Park
approximately three-quarters mile to the west, there are ar=as of forest, cou-
sisting primarily of ohia, the size of the trees being related to the age of
the underlying lava flow. Hence, most trees are small to medium height, but
there are infrequent kipukas (islands of growth on land not subject to recent
volcanism), in which some trees reach up to 100 feet. The groundcover around
the ohia trees comsists largely of false staghorn ferams, grasses and several
species of wild orchids, Around the larger trees are some treeferms and iegie

vines (Freycinetia arborea). All these endemic species are common to areas

of Hawaii covered by lava flows of nd great age.

In locations disturbed by roads, footpaths, trails and bulldozer
tracks, however, there is a heavy admixture of introduced trees, shrubs, vines
and grasses. Such exotic flora are found, for example, in the vicinity of Lava
Tree State Park and in many areas downslope from the well site. This exotic
plant population includes mango trees, papayas, guava, bamboo, xukui crees

(Aleurites moluccana), sugar cane, bananas, Indian pluchea, Jamaica vervain,

and sensitive plant (Mimosa pudica). A stand of Norfolk pines, already noted,

riges between the well site and the Park, aud there are groves of albizia along
the road and at the Park,

It is impossible to make an absolute determination as to the absence
of endangered and threatened species of plants within any area of appreciable
size around the well site. However, in the process of making baseline studies

of possible geotoxicants sometimes associated with geothermal activity, quadrat

40~



i

[Z4

PO

and transect analyses were carried out in May 1975 and re-examined in January
1976 at the well site.g/ The genera of plants found at the site, identified

in consultation wich Dr. Darrel Herbst, then of the Department of Botany are:
ageratum, andropogon, arundina, asclepias, brachiaria, carex, cassia, castilleja,
cuphea, cyperus, desmodium, dicranopteris, emilia, erichtites, erigeron, lantana,
lycopodium, melastoma, melinis, metrisideros, nephrolepis, pluchea, pteridium,
rhychospora, rubus, saccolepis, spathoglottis, sphenomaris, stachytarpheta,
tritenia, and vernonia,

Comparing these genera with the most relevant list of known endangered
genera and their familial associatiomns -- a tally of families, genera and
spécies prepared by Charles Lamoureaux, Professor and Chaizrman, Department of
Botany for the adjacent Hawaii Volcanoes Natiomal Pazk -- and with the compre-~
hensive list of endangered, threatened and extinct species presented by the
Secretary of the Smithsonian Institution, to the Congress of the United States
as House Document N, 94-51, 15 December 1974, it is concluded that endangered
and threatened gpecies of plants, if present at all at the well site, are
extremely infrequent, Thus, the probability that well site operationé will
present this type of biohazard is deemed to be minimal.

With respect to the more generzl guestion of hazards to vegetationm, it
should be noted (1) that toxic emissions resulting from well operations are not
likely to differ from those normal to natural vents and magmatic outgassing in
Hawaii, and (2) that natural populations established by post-eruption coloniza-
tion in areas of recent or current vulcanism are likely to be more resistaunt

to toxic geothermal emissions than would be the case in non-volcanic locations.

5/ The mode of analysis is described in a report of the Hawaii Geothermal
Project, Snvironmental Baseline Study for Geothermal Development in Puna, Hawaii,
(Honolulu, September 1976).
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(i) Animals, particularly birds

The region of Puna around the geothermal wéll site, limited as it is
in natural food sources for mammals, is not rich in fauna. The sugar cane
fields to the west and the papaya farms to the east of the site support the
rats which are found on all eight main islands of Hawaii. The mongoose is also
well established locally. On the slopes of the mountains of the Big Island
faral goats are at once quarry for hunters and problems for those who would
preserve the ecosystem, but they do not come to this section of Puna.

The only valued animals which might be disturbed or conceivably
threatened by geochermal development in the District are birds. There are om
the Island of Hawaii several species of indigenous or endangered species, and
it was necessary to study the area around the well site to ensure that none of
these species were adversely affected by the geothermal exploration. Consequently,
the environmental assessment was limited to birdlife which might feed or breed
in the area of Puna near the vell site.*

Fleld observations in February 1976 were concentrated on looking for
the two species of endemic land birds which might be expected at the low eleva-
tion (approximately 600 feet above sea level) of the drill site. These are the

Hawailan hawk (Buteo solitarius), which is classified as ''rare and endangered,”

and the Hawaiian short-eared owl, or pueo (Asic flammeus sandwichensis). No

evidence of either was found -- perhaps because most of the native vegetation

in the area has been replaced by exotic plants -=- but of course it is possible
that at times both species may occur in the general area. The hawk, in particular,
is a wide-ranging species. This, however, is speculative, since no evidence was

found,

% The assessment was made by Andrew J, Berger, Chairman of the Zoology
Department, University of Hawaii at Manoa.
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Yor is the area heavily populated with introduced birds. During
the survey, only seven species were observed:

1. Spotted dove (Streptovelia c¢. chinensis)

2. Melodious laughing thrush (Garrulax canorus)

3. Japanese white-eye (Zosteroos j. japonica)

4, Common myna (Acridotheres t. tristis)

5. House finch (Carpodacus mexicanus froncalis)

6. Spotted munia (Ricebird) (Lonchura ounctulata)

7. Cardinal (Cardnalis cardinalis)

It is the considered opinion of the ornithologist who studied the
area that the activities at the geothermal well site have had no adverse effect
on any bird species inhabiting the area, Even an adverse effect on some of
tﬁe introduced birds would not necessarily be detrimental, since some of these

species, as the house finch and spotted munia, have been highly pestiferous in

destroying crops on Hawaii, but no impact on any species was discerned.

In summary, with no evidence or past records of rare and endangered
specles ichabiting the area, and no indication of ;dverse effects on introduced
species, it is concluded that any impact of geothermal drilling and flowing of
the well on the limited birdlife of the area adjacent to the site has not been
significant. A judgment concerning the imﬁéct of geothermal develoﬁmen: which

might oecur in other portioms of Puna would of course require a localized study.

E. Archaeological Sites#®

Puna has played a relatively insignificant role in the political

history of Hawaii. During all of its known history, the District has produced

* Research on this section was done by William Bonk, Professor of Anthropology
at the Hilo Campus of the University of Hawaii.
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no great family or chief whose support was crucial for control over land
contested by warring factioms. Why it was that Puna never developed a political
power base -- for lack of population or lack of adequate food sources to support
a2 sufficiently strong army -- is not clear, but it is evident that in Polynesian
times control over Puna was wielded by the bordering districts of Hilo and Ka'u,
Consequently, there are relatively few archaéologi:al sites in Puna,
say in comparison with the Kona coast or the northwest corner of the Island of
Hawaii, and there is no major site of archaeological research interest in the
District. What few sites exist are mostly along the coast, some distance from
likely areas of geothermal development, which are along the rift zones inland.
The most extensive ér:haeological site complex in Puna is Kahuwaii

Village at Makaukiu, above Cape Kumukahi, which is the easternmost projection

of the Island. Around the cape to the south, near Isaac Hale Park, is Mahinaakaka

Qéigg, in relatively good éondition, except for the sea erosion of its eastern
wall. Another ten miles down the coast are two additional heiaus and adjacent
sites with petroglyphs, at Apua and Wahaula-Puuloa,

More petroglyphs are found near Kapoho, about three miles inland
from Cape Kumukahi, and almost four miles from the exploratory geothermal well,
These figures are unusual in that they are cut into the face of larger upright
basaltic slabs, instead of the usual flat pahoehoe, and exhibit an "ear plug"
seen at only a few other sicés in Hawaii.

In the same general area, approximately two miles north of Kapoho,
are the ruins of Kukii Heiau, repeatedly robbed of its stone -- for the building
of the foundation walls of Iolani Palace in Homolulu in 1879, again for Queen
Kapiolani's residence, and more recently for other constructi;n.

Vith the exception of the petroglyphs at the Kapoho dome, none of

the archaeological sitas of Pyna seem to be in the path of likely geothermal

blym
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development in the District. If the Kapoho area is planned or authorized

for development, protection of these petroglyphs should be assured before

6
the development begins.™

rather noisy, they may emit sulfuro
'_-_-_'—_-—-—‘——-._—'-”--V - R PR

F. Aesthetic Considerations

Three qualities of developed geothermal fields must be considered

for their impact on the aesthetic conditions of a geothermal area: they are

us fumes, ;nd they .are likely to be covered

with large structures. The noise caused by the escape of steam under pressure

can be considerable, enough to make conversation difficult within a hundred

yards downwind of a producing well, enough to be a“nuisance to persons living
within about a half-mile of the well -- unless the steam is diredted to a generator
or otharwise adequately muffled. With appropriate muffling devices, the sound
level can be held down to tolerable levels, the tolerability being understood

as a functiou of the number of persons affected and their sensitivity to noise,

as well as a function of decibels. There is only one house within a half-mile

of the present exploratory well site.

In any case, the noise levels of wells in any future geothermal field
in Hawaiil must be considered before development takes place, both for individual
wells and, cumulatively, for a field. Given the expanse of little-used land in
Puna, and developing technology for muffling the noise, there should be means
for solving the noise problem in an environmentally acceptable manner. The
mode of dealing with the problem on this project is discussed below,

The consideration of proximity of the well to population also applies

to the sulfur smells (chiefly from st) which may be released from geothermal

6/ A brief description of sites in Puna is appended to the Environmental
Baseline Study for Geothermal Development in Puna, Hawaii, (Hawaii Geothermal
Project, University of Hawaii, September 1976).
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waters. HGP-A is regarded as relatively unsmelly by persons who have worked
at the well -- no worse, for example, than the f'rotten egg' odor encountered
near fumaroles in the Volcanoes National park. However, during the well
testing in April 1977, complaints were made by a few local residents. These
were referred to the chief sanitarian of the Department of Health on Hawaii.
His report of 12 May 1977 accepted the €indings of the Hawail Geothermal
Project biotoxicologists that emissions of st and other elements posed o
health hazard. That does not dispose of the matter of objectionable smell,
a highly subjective matter. £t will be minimized by the use of "scrubbers'
in the generator equipment, discussed below in Part 6.

Questipns of assthetic appearance arise when a sizeable geothermal
field is developed, since the field must have 2 network of stsam-collecting

pipes to supply the generating plant, the plant itself, and may require cooling

towers to enhance the efficiency of the generator. (Under a vapor-turbine cycle
mode of production, the towers may not be required and less noise-control equip-
ment may be needed, but cﬁis technology 1s not yet available). However, this
4 = acre research and demonstration plant has a more limited aesthetic impact;

modes of dealing with it ape also discussed in Part 6.

-4~
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5. SOCIOECONOMIC CONDITIONS IN PUNA

A,

Population

fopulation movements in the Puna District during this second half of
the twentieth century have roughly paralleled demographic changes of the entire
County of Hawaii -~ declining during che 1950's, remaining essentially stable
in the '60's, then rising in the '70's so that the estimated 1977 level 1is
somewhat above the population totals reported in the mid-century census,

Projections for future changes are positive, both for the County and for the

e Ay mge e

e ———

e

ommarr

Districe,
TABLE 5
POPULATION TRENDS: HAWAII COUNTY, SOUTH HILO AND PUNA DISTRICT
(1920-1990)
Yearil Hawaii County South Hilo Puna District
., 1920 64,895 23,828 7,282
1930 73,325 29,572 8,284
1940 73,276 32,588 7,733
1850 68,350 34,448 6,747
1960 61,332 31,553 5,030
1970 63,468 33,915 5,154
1976 76,600 39,600 7,800
2/
Estimates—
1980 84-99,000 35-47,000 5,500-10,000
1990 115-137,000 37-55,000 8,400-13,000

1/ As of January 1l for 1920, April for (censuses of) 1930-1970,

July 1 for 1976; unspecified for projected estimates.

- %

i

t

2/ Range established by three series of projections: one made

by Department of Planning and Economic Development, State of
Hawaii in 1975, anecther by Belt, Collins and Associates, Homo=
lulu, in 1973, and a third by Daly and Associates, Honolulu,

In mid-1976, The minima shown for Hilo and Puna in 1980 and 1990
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are obviously too low, barring some catastrophe.

-47



Y Th 11 1 oy e e AR Y Y 8 SR Y L3

¥ W e T, = TR LY PRI T

L

The reduction in population for Puna -- as for Hawaii County as a
whole -- between 1940 and 1960, is at least partly attributable to the mechani-
zation of the sugar plantations, for long the chief employer on the Island and
in the Puna District. South Hilo District, which demographically approximates
the City of Hilo, showed a growth over most of this period, to include over half
of the total Island population by 1970, a factor of significance to Puna, since
the District increasingly has come to serve as a "hedroom' area for persons work-
ing in the city.

The lower end of the range of estimates of future population shown in

Table 5 appear to be too low, at least for Hilo and Puna. They might prove to

‘be true if the current depression of the sugar industry were to cause more layoffs,

and if tourism and other industries which have been replacing sugar in the
Island's economy were to level off or drop, but that basis of forecasting seems
unduly pessimistic. A moxe likely and prudent assumption is that the growth of
population experienced in the Puna Dis trict during the first half of this decade
will continue, though perhaps at a decreased rate, A rise from the approximately
8,000 population now in the District to some 12,000 by 1990 seems to be a reason-
able expectation.

During the last six years, a disproportionateiy large part of the
population growth in Puna has occurred in the age bracket where people are most
likely to be in the labor market, from ages 22 through 44. The changing pattern
of age distribution has obvious significance for infrastructure needs of the
District. The under-22 portion of the population (377 in 1976) particularly
relates to projected demand for schools and play spaces, those between 22 and

64 for roads and police protection, those over 64 (13% in 1976) for public health

services, recreation and mass transit facilities.

-4,8-
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B. Housing

Judging from the limited data available, the quantity of housing
available in Puna is relatively adequate. The basis of this observationm is
an inter-district comparison made by the Department of Research and Develop-
ment of the County of Hawaii, shown in Table 6, which indicates that the ratio
of population-to-housing units in Puna was second lowest among the nine districts

of the Big Island and well below the county average.

TABLE 6
HOUSING UNITS AND POPULATION-TO-HOUSING UNIT RATIOS
COUNTY OF HAWAII, BY DISTRICTS
(1969, 1971 and 1973)

Ratio of Population

District Housing Units as of: to Housing Units:
July 1969 December 1971 July 1973 July 1973
PUNA 1,777 2,049 2,561 2.42
South Hilo 9,654 10,925 12,218 3.15
North Hilo 590 539 543 2,83
Hamakua 1,510 1,575 1,597 2.85
North Kohala 952 970 982 3.10
South Kohala 849 947 1,138 2.48
North Rona 1,764 2,727 3,144 2.07
South Xoma 1,041 1,134 1,164 3.09
Ka'u 1,046 1,100 - 1,171 2.97
County Totals 19,183 21,966 264,518 2.86

Source: Data Book 1975, County of Hawaii Department of Research and
Development (Hilo, Hawali, 1975), Table 74, p. 69.

R
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Between 1973 and 1976, some 300 additional units, net of those razed
or otherwise removed from the supply, were constructed in ?una, bringing the
mid-1976 inventory of housing units in the District to approximately 2,900.l
This rate of increase in housing is greater than the growth rate in the Distriect's
population, so the ratio shown in Table 6 is even-more favorable now.
and, 1f recency of construction is a reliabla indicator of quality,
the level of average quality should alsc be rising in Puna. In 1975, over
one~third of the units were less than six years old; about half less than 1€
years old, Only about 5 per cent were judged to be in poor condition structur- !
ally; less than 3 per cent lacked complete plumbing and kitchen facilities.g/.
(3y way of comparison, the 1370 U.S. Census of dousing indicated that 5.6 per
cent of all housing units in this state then lacked standard plumbing EQuipment.)gl
The supply of housing in Puna, then, seems reasonably adequate for the
near term -- enough to support any modest increase in population which might
accompany 2 limited economic expansion of the District. Since an even largef
supply of housing lies in Hilo and along the roads connecting the county capital
with Puna, all within a commuting range of less than one hour, it is difficult
Lo see any near term shortage of housing if geothermal development were to occur.
However, the social support structure needad to serve an increasing
populaticn may-presen: different demands, even if the supply of housing icsels
1s adequate. New housing areas must be served by connecting read and verhaps

public transportation; by water supply and sewage disposal systems; police, fire

.3/ Based on unpublished data in files of Hawaii County Department of Planning,

2/ According to the 1976 study of the Puna Development Plan prepared by Daly
and Associates for the County of Hawaii. _ ’

3/ U.S. Census of Housing: 1970, Final Report HC (1) Al3, reported in State
of Hawaili Data Book: 1975, (Department of Planning and Economic Development),

Table 271.
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and public health facilities; schools and libraries; and other infrastructure

which is most efficiently -- or at least customarily =-- supplied by government.

These are examined next.

C. Infrastructure

Public investment in the Puna District, as measured against the

amenities taken for granted in more urban areas, cannot be said to be large.

Within the District, rather immediately available to the Puna population of

some 8,000 persons, are the following public facilities:

l. Water supply. Only around the more built-up areas in Xea'au

and Pahoa, and in the beach area around Kaimu does the Hawaii County system

provide a public supply., The distribution line serving the Pahoa community
presently ends about a quarter mile from the HGP-A geothermal site, and would
‘have to be extended to serve the extensive housing subdivisions nearby, if
houses are constructed therein.

The few houses within a mile radius of HGP-A are supplied by rain
catchment. After testing of the well earlier in 1977, a complaint was made
that the rainwater supply of a house in the neighborhood had been centaminated.
Investigation by the Hawaii Department of Health showed that the contamination
was caused by the materials used on the roof and in the gutters, and had nothing
to do with the testing of the well,

2, Sewage disposal. There is no public sewage disposal or treatment

facility in Puna. Residences and other habitations must provide their owm

Y
cesspools, septic tanks, or other methods of disposal. So will the Geothermal
Project. If a sewer system has to be provided for the District at some time

in the future, it will be a consequence of population growth and not of geo-

thermal development,

-51~
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3. ©Poads and hizhways., There are approximately 168 nailes of county
roads in Puna, most of the mileage being along Eighway 11, which comnects Xea'au
at the'northern gnd of the Dist;ict with the ﬁawaii Volcanoces Matiomal Park;
along Highway 130, which comes down from Kea'au to Pahoa in the center of the
District and tﬁen continues to the black sand beaches on the southern coast of
Puna; and along Highway 132, which goes from Pahoa, through the papaya-growing
area near Kapoho a;d then to Cape Xumukahi, the easternmost point of the Big
Island. The geothermal sita is reached by the Pohoiki.Road, which branches off

from Route 132 and éasses through the subdivisions near the site and then through

‘ the papaya groves about a mile from the sea, A coastal road, Route 137, damaged

hy an earthquake in 1973, connects with Route 130 coming down from the north and
—with the Chain of Craters road winding up to the Volcanoes Natiomal Park, but
travel along this touristically important route is interdicted by reéent lava
flows which cover several miles of highwa&.(See.Figure 6.5

The quality of the .Puna roads varies considerably. Highways 11 and
130 are generally broa& and '‘well-paved, while the Pohoiki Road 1s neithgr in
places -~ fo; example in stretches near the geothermal drill site where the

highway is unpaved.

4. Public transportation. Along with other readily access;ble areas
of the Big Island, Puna is servad by a public bus system, tased in Hilo, which
provides twice?daily service. There are no local taxis, shuttles or U-drive
companiesi these are concentrated in Hilo and its airport.

5. Police and fire.stations. within Puna District, there is a fire

station and a police station, both at Kea'au. Emergencies have to be serxviced

from Hilo.

6. Public health faciliries. There are no hospitals or clinics in

Puna District. The nearest hospitals are in Hilo, less than an hour’s drive from

most communities in the District,

[SUIPPRR R E P
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7. Schools and libraries. There are four public, no private,

schools in Puna: an elementary school at Keakealani, elementary-and-intermeaiate
schools at Xea'au and Mountain View, and a kindergarten-through-high school
at Pahoa, which is relatively central in the District. The single public
library in Puna is also at Pahoa.

8. Recreational areas and facilities. The one categoxy of public

facilities with which Puna is well endowed is natural recreational areas. The
Hawaiian Volcanoes Natiomal Park is readily available by car. So are the beach
parks: Harry K. Brown, Isaac Hale, McKenzie, Kaimu Beach, the area around

Queen's Bath., Tour buses may be noisesome at the black sand beaches of Kaimu

~and Kalapana, but seldom stop at the other beach parks. Less than a mile from

the geothermal drill site is Lava Tree State Park, also not much disturbed by
tourism,

In the population centers, there are five ball parks or general public
parks, playgrounds at the Kea'au and Pahoa schools, and two gymnasiums open to
the public. The one moviehouse in Puna is at Pahoa.

Conclusion. It would appear that any large increase in population
for the Puna District would require expansion of the public water supply and
orovision of a sewage disposal system, Lf the increase were concentrated in
urban-1ike neighborhoods, rather than spread out in detached farm areas. The
big uncertainty in the development of the District is whether the presently
demarcated but mostly empty subdivisions will be constructed om, or remain
vacant. Geothermal development would relate to this question, but would seem
to be of a second order of importance in determining the amount of populatiom
growth and, hence, the need for a public water and sewage system.

The pattern of growth, in an area as large as Puna, will obviousiy

be of importance in determining the need for’additional infrastructure investments.
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Should that growth center near Pahoa and %ea'au, the population may perhaps be
served at a level of service acceptable to them by the existing schools, fire
and police stations, the parks and playgrounds. And it is this central area
of Puna, along the rift zone, where geothermal development is most likely to
occur. However, should areas zoned for subdivisions, but unimproved for want
of a sufficient demand for these residential lots, be rezoned and developed
for geothermally-related purposes, and should populatiom growth move to areas
more remote from Pahoa and Kea'au, there'may be created a need.for more social
infrastructure investment, possibly including schools, playgrounds, libraries,
gire and police statioms, and access voads for the new housing area. In any
case, it would seem that a larger population {in Puna would require some local
health facilities for at least emergency care before patients are transported

to Hilo.

D. Economic circumstances; jobs

(1) Sugar. Historically, sugar has been the principal source of
income in the Puna District. There are approximately 15,000 acres planted to
sugar cane in FPuna, producing between 50 and 60 thousand tons of sugar annually,
or about one eighth of total sugar production on the Island of Hawaii. Acreage
has not greatly changed in recent years, but mechanization of the plantatiom,
here as throughout the State, greatly reduced émploymenc in the local sugar
industry--£from almost 2,000 in 1940 to some 500 in 1960. Since that time,
sugar employment in Puna has remained rather stable at about 500, including
jobs in the Puna Sugar Company mill as weli as in field operations.

.Profitabilicy of sugar operatioﬁs has varied enormously in the past
few years, with a temporary boom in sugar prices in the U.5. and world markets

{n 1973-75 being follawed by a precipitous -drop in 1975-76. There continues
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to be great uncertainty concerning the long-run prospects for sugar production
throughout Hawaii,

(ii) FPapaya. During the past decade other categories of agricultural
output have become economically significant on Bawaii and particularly in Puna,
The largest element of diversified agriculture locally is the growing of
papayas for markets om the Mainland and abroad, as well as in the Scate.

Almost 90 per cent of rotal papaya production in the State comes from Puna.
According to the Ha&aii State Department of Agriculture, between 1970 and 1976

the area planted to papayas in Puna increased from some 1,000 acres to approximately
1,800 acres, and the value of Puna papayas which were sold rose from $2 millien

to over $5 million. When that value is compared with the annual gross value

of the Puna sugar crop (as unprocessed cane) == which ranged from about $5

@illion in 1970 to some $24 million in the unprecedented boom year of 1974 but

now again approximates the 1970 level -- it will be seen that papayas will

challenge the primacy of sugar production in Puna unless sugar prices are reflated.

Patterns of employment in papﬁya are quite different from those in
sugar. Due to mechanization and unionization, sugat employment is quite stable,
with lictle seasonality and little turnover in jobs. The gew papaya "industry,"
on the coatrary, employs almost as many seasonal (late spring, early summer)
workers as it does full-time, year-round workers. In the past year approximately
500 persons were employed in papaya growing, harvesting and processing in the
Puna Districﬁ, about the same total as for sugar, but representing omnly about
half as many man-hours.

Despite some difficulty in retaining workers, many of whom are not
unicnized, and problems of getting dependable airline scheduiing from Hilo to
the West Coast and mié-continental markets, papaya production in Puna has been

profitable and acreage planted to papaya is expected to continue increasing.
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Since heat is used to process both fresh papaya and juices or purees made from
the fruit, the papaya industry may be stimulated by the availability of geothermal

water.

(iii) Other agriculture. The production of macadamia nuts, market-

ing guavas and raising anthuriums and orchids are also of economic significance
in the Puna District. Great expectations for profits from macadamia nuts have
been only modestly realized, at least in Puna, where the sales value of this
high-priced delicacy fell from $1.7 million in 1970 to $0.8 million in 1973,
according to the Hawaii State Department of Agriculture. A recovery in the
following years regained the million dollar level, but market resistance to
higher prices, increased foreign competition and continued problems in the now-
mechanized harvesting process raised questions concerning further expansion of
production and jobs in this specialty area. Peak season employment in Puna
by C. Brewgr and Co., based in Kea'au, is somewhat under 300, with even greater
seasonality of work than for papaya.

Guava production, highly touted for the Big Island in the 1950's,
has gained a modest base in Puna, where approximately 75 acres are cultivated
for this tropical fruit, most of it to be processed into juice or preserves for
bottling, canning or freeéing. With improved efficiency in production and
market promotion, an expansion of this base of operations may well be realized,
but the impact on employment in Puna would be quite limited. A small number
of self-employed persons work the orchards year-round and on a part-time basis;
harvesting is done mostly Ey students and other casual workers, Establishment
of a processing plant, should the level of production and the availability of
geothermal water in Puna justify one commercially, would establish some year-

round and seasonal jobs,
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Oranges and other citrus fruit have been planted in Puna for commer-
cial marketing but the enterprise has not been successful, largely because the
fruit doesn't match the cosmetic standards established by the fruit industry
of California and Florida, but also because of the heavy seasonality of produc-
tion and the non-availability of facilities for making and freezing juice.

Many of the orchards are now out of cultivation, but might be brought back if
a local fruit-processing industry were to be stimulated by a geothermal water
supply.

More successful has been the cultivation in Puna of tropical plants
for the commercial market, particularly anthuriums and orchids. The proximity
of the Hilo airport, which not only creates an immediate market in the local
tourist trade but also ensures ready connection with markets in Homolulu, on
the Mainland and in Japan, has greatly raised the demand for these horticultural
specialities, Puna now supplies wall over half of the total commercial produc-
tion of anthuriums for the entire State, and approximately 90 per cent of Big
Island production. Despitg large increases in output -- an approximate trebling
of sales between 1964 and 1974 -- the "industry' has remained essentially oune
of family enterprise with part-time employment of workers outside the family.
In 1975, it was estimated that about 330 people were employed in cultivating,
picking, packing and wholesaling anthuriums in Puna, with a projected growth
of 20 to 30 jobs per year as the marketing of this flower retains its healthy
grcwth.él

Orchid cultivation for the market in Puna is in a much earlier stage

of development than is growing anthuriums. Several small orchid farms are in

production in the District, but nurseries for more intensive and better controlled

5/ Estimates are by Daly and Associates, made in preparing their Puna
Community Development Plan (1976).
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cultivation have been established only recently. These, like the anthurium
enterprises, are mostly family businesses, employing in all fewer than 30
people. Good growing conditions and a large potential market is gxpected €o
stimulate more production in Puna, but starting from such a small base the
additions to employment and income to be derived from this activity must be
expected to be small,

. Table 7 presents a recent census of employment for Puna by industrial
occupation, It is informative, but requires explanation to make it squarze with
employment data presented above. Agricultural jobs, estimated for sugar,
papaya, macadamia nuts, e, woula come to far more than the 718 shown in the
table for "Agriculture." The table, using U.S. Census categories, puts jobs
in sugar mills and food processing plants under its ownm rubrics, and so mauny
of them in this instance may be under "Mapufacturing," which helps explain the
relatively large percentage under that classificationm.

The table does clearly show that Zuna includes many people who have
urban-related employment, as in the stores, offices and schools of Pahoa and
Kea'au, those who commute to jobs in the hetels and shopping centers of Hilo,
or who work in the filling stations along the highway. The.unexpectedly large
percentage undexr "Constructién" and "Transportation, Communication, Utilities"
may reflect the employment of people who live in Puna but commute to jobs in
Hilo and adjacent areas,

There is no category in Table 7 for tourism. If there were, the
number of positions reported would be very small, for Puna is an area which
rourists traverse but spend little money in. There are uo hotels, car rental

agencies or touristic restzuxants in the District. Tour buses and individual

motorists do come down from Hilo in some numbers to see the black sand beaches -

and the painted church near Kalapana-Kaimu on the coast of Puna, and sometimes
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TABLE 7

EMPLOYMENT OF PUNA RESIDENTS, BY INDUSTRY

.INDUSTRY L - NUMBER PERCENTAGE

DISTRIBUTION
Agricul ture | . ' 718* . 24,9%
Fishing, Hunting ' 12 _ 0.4
Cpnstruction . . | 802 17.4
Manufacturing | ' 1309 10,7
Trﬁnéportation, Communications, Utilities 228 , | 7.9
Retai]/Hﬁo]esa]e Trade ] | 548 19.0
Finance, Insurance, Real Estate 101 3.5
Service (including government) - 467 R 16.2
Total : ' 2,885  100.0%

———
———

* May exclude some employment in sugar, papaya and macadamia nut processing.

Source: Office of Economic Opportunity Census Update, County of Hawaii (1976),
unpublished, as reported by Daly and Associates in Puna Community
Development Plan. :
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they stop to see the steam rising from vents in the geothermal area (and,
currently, to see the experimental geothermal well), but after looking around
they head back to Hilo without haviag added to the gross product of Pumna,

The research facility which is the subject of this £.I.5. will attract additional
sightseers. A more significant stimulus to courism would be the comstructicn

of spa facilities in the area, accommodations which might parcicularly actract

visitors from Japan, whnere geothermal spas are in great demand.

-

£. Summary

The DPuna District is, by counventional aAmerican scandards, relacively
undevelooed., Within an hour’s driving time Srom the capital and chief city of
the county, and its intermatiomal airpore, Puna itself has only limitad urban
areas and urban facilities, Across much of its lava lands, housiag subdivisions
are laid out, but these yet contain few houses or construction crews. The
chief sources of employment are agriculturally based, though mary of its 8,000
pogulacioﬁ drive to jobs in Hilo.

| There is a potential for development in the diverse agricultural
activicies of che District: papayas, guavas, macadamia nuts and cropical
ornamental plants, as well as the historic mainstay of Puna's economy, sugar
cane. The housing supply seems above averags, bbch in quality and guantity,
and should be able to accommodate the projected population incraase at laast
for several years, Public services, however, will be strained by a concinued
inerease in population, including the systams for delivering fresh water and
removing wastes. There may well be a need Zpr other infrastruccure expenditures,
as for schools, police and fire statious, & local health serm@ce faeility, ecc.

However, in itself, the proposed R & D facility wili have ounly a
negligible impact. A significanc geothermal development in Puna would affect,

and be affected by, all of the foregoing considerations. It might compete for
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land with some of the agricultural uses, though the 2reas most promising for

drilling may be too active thermally for commercial agriculture, It would

create jobs, both directly and indirectly, tending to relieve local unemployment,

which has been high, and also attract people from other areas, Depending on

the mode of geothermal deﬁelopment, it could diversify as well as enlarge the
base for economic activity in Puna, as by stimulating diversified agriculture
and also tourism, now only a negligible source of income to the population of
the District, The Visitors' Education Center planned for inclusion in the

research station will inévitably Sérve as a tourist attraction as well as a

learning facility,
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6. MITIGATING ADVERSE IMPACT OF PROJECT; REVERSIBILITY

Because the Hawaii Geothermal Research Station utilizes but a single preoduc-
tion well on a small site located in a relatively remote area recently subjected
to lava flows, the impact of the project on the environment is limited._ Studies
summarized in Part & showed that emissions from the well would nbt harm the
human‘population,.the flora or fauna. However, it was also shown that some adverse
effects of lesser gravity must be taken into account and mitigaced.

Disposal of effluents and waste. When in operation, the well will discharge

from 60 to 100 galloms of liquid per minute, after the steam and hot watex are
run through the generator and condensor. 1f allowed to flow freely, the effluent
would be a dangerous nuisance, because of its heat and the undissolved minerals
in the fluid. To dispose of the effluent, it will be directed to settling basins
within the fenced perimeter of the project area; there it will be absorbed in
the highly porous cinder/lava surface and then percolgte through the underlying
strata into the geothermal reservolr below. ' As previously noted, there may be no
potable water lens below the well site -- if thefe is one adjacent, it is apparently
blocked off by dikes of basalt rock at the southern boundary of the East Rift
Zone;l Because of the relatively large silica content of the geothermal water,
the settling basins will be backhoed as they are coated over to restore the
porosity of the surface and the silica deposits rembved -- perhaps to be used as
£111, The smaller quantities of sulfur cleaned out of the condensors from time
to time may have enough economic value to be collected and sold; 1if not, they

are easily disposed of as nom-toxic waste products. (see page 66.)

1/ This is the conclusion reached by Harold T. Stearns in his report on The
Geothermal Well Field in the Puna District, Hawaii, dated April 4, 1977. However,
other geologists differ, and so it cannol be said confidently that discharge water
will return to the reservoir; it may go into basal water and to the sea, Given
the small rate of discharge from one well, the impact on groundwater in an area
of such high rainfall as the well site -- approximately 125 inches per year == is
insignificant and probably undetectable. For a field of many wells, however, the
cumulative effects of discharging into basins would have to be studied C© guard
against possible pollution of ground water supplies,
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ivastes of the persons working at the site will be disposed of by a

cesspool or chemical system installed for that purpose,

Nolse. The inmstallatiom of a generator will itself reduce the noise level
of the well, now approximating 80 decibels at the road adjacent to th; site, since
the escaping steam will be channeled through turbines and a condensor, and this
equipment in turn will be enclosed within the walls and roof of the generating
station. The existing separator/muffler will continue to functicn; the overall
design of the project is expectaed to reduce the noise level to a fraction of what

has already been experienced at HGP-A so that the project will not be an auditory

nuisance,

Smell. Tests by the Hawaii Geothermal Project h;ve demonstrated that the
gases from the well are not hazardous, but -~ as with the effluents‘naturally
vented within the Volcanoces National Paxk -- they do smell. The irritant
particularly is hydrogen sulfide fHZS), whose rotten egg odor is enjoyed by
faw people. The human nose is exﬁ%emely sensitive to this chemical: the
threshold recogﬁition lavel ?s approximately 0,0005 parts per milliom, wheéaaé
the health hazard thrashold is 10.0 ppm.

To ﬁpld the discharge rate of HZS down to a level that will not offend
persons living near the project, a syétem of scrubbers will be installed with
the geﬁerator. Several techniques are available which have proven @ffective
elsewhere: absorption by an oxidizing agent; absorption by activated charcoal;
direct combustion or catalytic after-burning; condensation; etc. A scrubbiﬁg
system will be selected from these alcernatives and incorporated into the facility
-- probably a catalyti; process.

Visual impact. The most conspicuous element of the geothermal research °

and demonstration project to some persons will be ome or two dooling towers,
some 18 to 50 feet high (depending on the design chosen), necessary for efficient

operation of the generator., The height will be kept as small as effectiveness
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allows. The low building sheltering the wellhead generator and coundensors will
be screened by a wooden fence and shrubbery, if plantings are feasible. The
fence and cooling tower(s) will be of colors selected to best blend in with the
surrounding terrain -- essentially dark gray lava w&th sparse covering of green
plants and light gray-green lichens.
More conjectural and subjective would be the perceived effects of vapor
which may be emitted from the condensors in the cooling tower(s). Depending
on the ambient temperature and numidity, sometimes there may be vapor rising
from the project. If this is a problem, it is one of aesthetics, not biology,
since the droplets comprising the plume of vapor would be of rather pure water.
Parking will be off the adjacent Pohoiki Road.so as not to present a
problem to vehicular traffic on that county road, presently not heavily used.

Aesthetics, generally. How the research/demonstration project will be

perceived in the Puna settihg -- 2s an incongruous intrusion of technology in

a relatively "natural area, or as an interesting countrast to tﬁe lava forms --
will depend on the project design as well as the eye of the beholder. The HGP-A
Development Group which will be administering the project has undertaken to use
good design and landscaping to minimize intrusive impacts which people are likely
to find objectionable, namely noise, smell and the appearance of structures and
the fencing around them. Should the project stimulace the development of a geo-
thermal extraction field, the same care can keep the development from being a
nuisance, but there is no gainsaying that the area will be changed.

Reversibility., The installation of a wellhead generator and provision of

demonstration facilities is, as far as commitment of natural resocurces goes,
essentially reversible. If required or warranted, the generator can be removed,
the cooling tower and other equipment dismantled, the well seéled. The conse-
quences would be economic, more than environmental, for a capped well is of no

use whatsocever, and a used generator may cost more to move than it is worth,
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The lava land of Puna, scripped of_the surface components of the project, would
soon regain its natural state as the ambient ground cover once more took over,
leaving only the covered wellhead to mark the site.

There is yet 2 question whether the extraction of geothermal fluid

would leave the underground resource itself unchanged. One of the chief purposes

~of the project is to test the degree to which the reservoir is self-charging, so

chat £luids are replaced from natural sources as they are drawn up the well.

1f the answer is that there is no or minor recharge, then the resource is a
depletable one, like oil, that may be replenished by nature only over extremely
1ong pericds of time. Should this be the case, the rate of depletion would become
a factor ‘of concern to government planners, as well as to the agencies exploiting
the field, in controlling the zate of develooment and utilization of the Kapono
geothermal field. Given the strong geological substrata, subsidence will not be

a problem. |

panger from blowout. An operating hazard during drilling {s the possibility

of an uncontrolled release of the highly pressured geothermal fluid. Consequently,
the present well was equipped with a blowout preventer, 2 heavy-duty device which
automatically chokes off the well in the event of a failure. If # reinjection well
is used, the same precaution will be takenbduring the drilling.

The existing well has been strongly rainforced down to 1,000 feet,
giving it a strength deemed capable of withstanding heavy shock or pressure.
As noted in Part 4, during the drilling of HGP-A an earthquake of 7.2 Richter-
scale magnitude was experienced in the area and the bore was not affected., &S
to internal stress on the well and its fittings, they are designed to withstand
pressures up to 1,000 p.s.i., wmore than double the wellhead pressures at HGP-A

recorded to date.

. SuFfur sludge disposal. As indicated above, the mode of disposing of

effluents £rom the well is presently expected to be 2 system of surface ponding.
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Should a study now underway show that it is necessary and feasible to drill

a reinjection well, then a closed loop would be comstructed whereby: (1) geo-
thermal fluids would flow up the present well (HGP-A); (2) be directed through
the wellhead generator and to other non-electrical applications at the project
site; and (3) the excess condensate would flow down the reinjection well back
into the geothermal reservoir below. The closed-circuit system retains all
elements in the geothermal fluids and so makes surface disposal of any waste
products unnecessary.

Because it may not be necessary or feasible to use a reinjection well
system, alternative plans are being made for removing most of the smelly hydrogen
sulfide before the discharge water reaches the settling ponds, or basinms, which
would be used. Several HyS abatement systems are avallable, and they are being
evaluated before a selection is made; the scrubbers described in Part 3 have
been found effective in other geothermal installatioms. However, all of these
devices yield sludge containing the sulfur '"scrubbed” out, producing a problem

of disposal. These alternative solutions are being considered:

1. Bury the non-toxic sludge at an approved landfill area; or
2. Purify the sludge into commercial sulfur and sell it on

the mariket.

Either solution would be environmentally benign, so the choice would

essentially be a matter of relative costs.

Environmental monitoring program, The grant agreement with the federal

Department of Energy provides for monitoring the possible environmental effects
of operating HGP-A on the air, water and soil in the vicinity of the well., The
air and rainfall of the closest residential areas, as well as at test points

further afield in the Puna District, will also be examined to establish further

baseline data before the wellhead generator is put into service and the monitor-

ing will continue as operations proceed.
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7. SOCIAL BENEFITS AND COSTS OF GECTHERMAL DEVELOPMENT

The environmental impact of a project limited to the present experimental
geothermal well (HGP-A) is demonstrably t;ivial. HGP-A has already been tested
repeatedly and the only untoward results have been some loud noise, which will
be muffled, and some smell from the emission of H,S, which will be scrubbed
when the facility is installed. We therefore concludé that the installation
of a small wellhead generator and conduct of a research and demonstration
program on the Puna site should not have any profound effect on the environment.

More significant by far are the possible outcomes of a geothermal resource
development stimulated by the project, a development requiring many weils and
perhaps a much larger generating station. This part therefore considers the
benefits and‘costs of geothermal development in Puna at large, aﬁd not merely
the impact of HGP-A.

Any new power source can become the genie released from the bettle. Who
could have written an adequate envirommental impact statement about the first
0il well in Pennsylvania, or about the first controlled use of nuclear energy
at Chicago's Stagg Field? And yet, it is rational policy to require an assess-
ment of potential new departures, such as geothermal eﬁergy, so that human
foresight can be directed, within its short range, to che maximization of
beqefits from the projected development and to the avoidance of harm. Without
pretending to envision the ultimate impact of geothermal develcpment on the Island
of Hawaii, it is possible to array the benefits and costs likely to be experienced
over the first decades of developing geothermal resources, as at Puna.

A. Potential Social Benefits

(1) An Indigenous Znerey Socurce. Hawaili is most vulnerable to the

recurrence of an oil crisis, such as that which temporarily sobered the nation

in 1974-75, and to continued increases in the price of petroleum. Every other
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state either has its own energy supplies (Alaska) or is connected to a regional
power grid which can be fed at many points with oil or alternative fuels.
Non-contiguous Hawaii presently has neither its own fuel supplies nor connec~
tions to depend on, should the importationm of oil into this State be halted

or become too expensive.

More than any other state, therefore, Hawaii has reason to seek energy
sources within its own boundaries, and currently, in different stages of advance,
searches are underway for means of tapping 2 vérie:y of indigenous power sources.
These include solar energy, wind energy, ocean thermal energy, energy from
biomass couversion, and geothermal energy. While solar energy is alrsady usead
on a small scale for heating domestic water supplies, the utilization of geothernal
energy offers the technology most advanced for supplying other energy needs
(outside the sugar industry, where the burning of bagasse is an efficient means
of generating power for the plantation mills and the communitiés around them).

An indigenous power source, such as geothermal, would substitute for
0il, which continues to rise in price. The potential gain is not only in holding
down costs, but also in reducing economic uncertainty. Aftar the 1974 oil embargo
by the OFEC nations, all large users of oil-fed energy must take into account the
possibility that without notice their power may be cut off, reduced ov drastically
increased in cost. The possibility pervades the economic climate, reducing incen-
tives to invest in energy-intensive enterprises, stimulating the construction of
oil-storage facilities and the substitution of less-energy-using methods for
energy-intensive technology. These reactions may be patriotic %nd, given the
uncertainty of supply, perfectly rational, but they do come at a cost. An
indigenous enexgy source, if commercially feasible, could more effectively reduce

dependance on imported oil, and at a lower economic price.
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{(ii) Economic growth: more jobs: more State revenues (eventually),

In itself, geothermal development need not be a sustaining source of economic
growth or job creation. Initially, as wells are drilled and production facili-
ties at the field built for a new geothermal facility, the construction industzry
would be stimulated, However, following the construction phase, 1f the only
application of the geothermal resource were to be the generation of electricity,
the economic significance would be extremely limited., Since power stations are
highly automated, only a few workers would be employed at a geothermal generat-
ing plant. They could benefit, and so could the owners and customers of Hawaii
Electric Light Company, bur in all likelihood, the gains would be too small to
be visible in the economy of the Stata,

More significant economic effects would depend on the applications
made of geothermal power. In the event that large amounts of electricity were
generated, and at a cost considerably below chat from burning fuel oil, it is
possible that many new enterprises would be ‘attractad to the Big Island, and

that existing enterprises would be expanded to create new jobs.l/ Alternatively

-~ or simultaneously -- firms which use geothermal water directly (such as fruic

processing, wood and paper production) and other applications (such as therapeutic

spas) might be clustered at the geothermal field, providing employment visibly
connected with the new energy source. .

Direct and indirect stimulation of employment would be particularly
beneficial to Puma. Unemployment rates in the District during the past few
years have averaged about 10 per cenl, among the highest in the State. Unless
the prices and profitability of the local sugar industry are reflated, the

shrinkage of the plantationms may be suddenly accelerated and in Puma -- and

generally on the Island of Hawaii -~ that would threaten a major source of jobs

1/ a possibility which has excited great interest is a manganese nodule Dro=
cessing plant utilizing geothermally derived electricity. CEmployment at a major
plant may exceed 500 persons.
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and income., & diversification of agriculture and agriculturally-based industry,
stimulated by geothermal development, would be timely in the next decade.

Conceivably, the economic activity generated by geothermal development

on the Island of Hawaii might benefit the public sector, as well as the private,

In addition to royalties which the State would receive from the geothermal
deposits which it has reserved, State and County tax revenues would be increased
by a geothermal industry, as land values in and around geothermal fields rose
and taxable buildings and other improvements were put into place; gross income
stemming from the fields and from productive facilities powered by geothermal
energy would be subject to the State's general excise and electricity sales to
the public utility tax; profits and salaries from the geothermal "industry”
would be taxed under Hawaii's corporate and personal net income taxes. 3y the
operation of the multiplier, income streams created by the geothermal industry
would feed into the overall ecomomy of the State, generating additiomal tax
revenues with the re-spending of each geothermal dollar,

However, during the remainder of the 20th century, net government
income from geothermal development in Hawaii is not likely to be forthcoming.
It is more probable that, at least for several years, the development of geo-
thermal rascurces will require investment by the State government and its counties
at a level which will exceed the tax revenues from this new source., Already,
the State and County of Hawaii have granted $700,000 for the experimental well,
Even if no additional financial support is given for drilling wells, it is likely
that any significant economic development stimulated by geothermal exploitation
will also stimulate outlays by the state or county governments. These may either
be in direct support of geothermal utilizatiom (such as access roads to the geo-
thermal facility), or the infrastructure investment (water supply, waste removal
systems) mentioned in Part 5 as being necessary to support population greweth in
the Puna District.
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After geothermal development is well underway, the industry established

and the infrastructure in place, the development should turm into a net revenue
producer for the governments which have fostered it. That, however, is a leng-

term prospect, ome for the Twenty-first Century.

(iii) Decongestion of population. The creation of jobs in an expansion

of the Big Island's economy powered by a new enerzy source could help implement
the announced policy of the State administration to check the concentration of
population in and around Homolulu, Despite the erunciation of this policy at
the begioning of this decade, Oahu continues to hold more than four-£ifths of
the population of the State, with no viable program for holding back increased
congestion in the capital city.

Tt is unlikely that development of a geothermal resource in itself,
unless the field were unexpectedly huge, would provide such massive employment
as to cause the transfer of many people to the Bié Island. An¢ it may well be
that the Big Island would not welcome a large in-migration. However, a major
geothermal development could fuel a general economic growth -- in agriculture,
industry and tourism -- which ;he authorities of Hawaii County would either
welcome or be unable to control., How much of this hypothesized growth would
be reckoned a plus for the Island of Hawaii is a question of values, buc,
should it occur, it would increase the gross State product and, perhaps, would
marginally reduce crowding on Oahu.

(iv) Eavironmental Effects: Geothermal versus Other Energy Sources.

It is not likely that geothermal development would improve the physical environ-
ment. In Part 6, it was concluded that drilling HGP-A has not had much impact,
and that the limited environmental effects of installing a gedérator and other
facilities to test the geothermal resource could be minimized by muffling,

scrubbing, landscaping, etc, However, a development stimulated by the R & D
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project would be of much greater environmental significance, and there may
well be people in the community who would prefer to leave Funa, and other
potential development sites, unchanged, or not changed in this way.

Presented with a choice between geothermal development and allow-
ing no change 1n the environment, many persons might prefer the status Guo.
Realistically, however, that is not the choice which will confront the people
of Hawaii. Given the strong probability that oil rescurces will become extramely
scarce by the end of this century, it is most likely that some energy Source
will displace oil, or that only grades of 0il with high sulfur content will be
available at an affordable price.

1f the alternatives available for Hawaii's future energy needs soould
be limited to what is now technically and aconomically feasible, the cholce
would be batween more polluting 0il, coal, nuclear power, and geothermal energy.
With these alternatives in view, a rational choice om environmental grounds
could well go to geothermal energy, whic£ {s much less polluting than coal orv
other hydrocarbons, and less dangerous than avclear power., In this sense, as
one of the least polluting power sources, geothermal resource development would

be a positive factor for preserving the eavironmental cuality of Hawail.”

2/ 1In the judgment of persons serving on the investigaCory ZIOuUpSs which pre-
pared the report om Alternative Energy Sources for Hawaii for the State Advisory
Tagk Force on Energy Policy (University of Hawaili and Department of Flanning and
Economic Development, 1975), geothermal energy was preferable wich respect CO
environmental impact over land-based use of coal, specifically in thelir ralative
impact on water and air and in the dischaxge of solid wastas. an ocean-based
coal power statiom or the burning of liquified coal rated slightly better than
geothermal energy in the opinion of the three persons serving on the task force
on the environment, while in the opinion of some 30 people who-served on the
alternative energy source task forces, geothermal power was preferable to coal,
however utilized. (Op. cit., pp. K-3 and 4).
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B. Potential social costs and their minimization

The opportunity costs of using geothermal resources will prgbably
be relatively low, The lands arOupd the rift zones of Kilauea which seemingly
overlay the hot water are freguen:ly picturesque but seldom of much economic
value. Only a small portion of these lands are in cultivation, and use of the
terrain for housing is limited by many factors,'not least of which is the seismic
activity of the area: it was subjected to an earthquake of 7.2 magnitude on
the Richter scale as recently as Yovember 1975, Lands utilized in a geothérmal
field within Puna are not likely to be taken from any highly productive alter-
native use. ‘

If geothermal wells penetrated an extensive Ghyben-Herzberg lens, then
there would be danger of paying a high cost in endangering the local groundwater
supply. BHowever, as sta;ed above in Part &, thé experience from well-drilling in
the Puna area does not seem to indicate the existence of a fresh water lens of
potable quality. For such fresh water reservolrs as may be encountered, appropriate
well-casing programs and well maintenance should be able to guérd against pollut-
ing groun&water othefwise usable for household needs or irrigatiom.

Other environmental pollution, which may add to the social costs of
geothermal development, can be held to a minimum by appropriate safeguards.

At the HGP-A wélf, mufflers are used to reduce the noise of steam issuing from
the wells, landscaping will limit the visual intrusiom, constant monitoring
ensures that noxious.éases or particulates do not exceed safe maxima. In a
future production field, effluents can be reinjected into the reservoir after
passage through a closed system, to minimize the environmental impact of using

the geothermal resource.if-

3/ A framework for environmental oversight is provided in the regulatioms on
geothermal drilling which were in the process of being adopted by the Hawaii
Department of Land and Natural Resourxces at the time of this writing.
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More likely to be an obstacle to geothermal development than the
costs of environmental protectiom is obtaining che investment capital necessary
for creating a production field and application of the resource to productive
usages. The magnitude of such investment is considerable: it will cost tens
of millions just to create a medium-size electric power facility. How to raise
such funds for an investment as inherently risky as drilling wells into hidden
subterranean reservoirs will prasent the first economic barrier to geothermal
exploitation, If grants or low-interest loans can be obtained from the natiomal
government (the Department of Energy has a loan program just getting well under-
way), the drain upeom Hawaii-based capital -- and hence the opportunity costs of
the investment to tﬁe Hawaii economy =~ can be kept down. Attracting investment
capital from the mainland U.S, or abroad could have a similar effect in terms
of opportunity costs, but would raise questions of ouc-of-state control over the
geothermal development and increase the out-of-state flow of funds generated by
a successful development.

A %kind of economie cost which is unique to resources tapped by wells --
that is oil, gas, water and geothermal resources -- is waste through competitive
exploitation. Since the reservoirs holding these subterranean resources frequently
underlie lands held by more than one party, there is a temptation for competing
enterprises to drill as many wells, either straight down, or slanted under adja~
cent properties, as will maximize their share of the output, However, such drill-
ing programs may not maximize total output from the field. On the comntrary, by
puncturing the reservoir excessively, they may cause a loss of pressure which
leaves below the surface, unrecoverable except with costly techniques, some of
the resource which a more efficient drilling program could have tapped with

fewer wells,
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By its policies and regulation, the State of Hawail can restrain
inefficient modes of exploiting a geothermal £ield. The proposed rules of the
Hawaii State 5epartment of Land and Natural Resources relating to geothermal
wells allow for unit, or cooperative, development of a geothermal pool by several
drillers, but do not require this approach to resource conservation. It may
be that the limited facilities and expertise for deep drilling in Hawaii will
make for a monopoly in development of the rescurce, but if not, the losses from

uneconomical beggar-thy-neighbor exploitation could be significaant.

C. Summary

Geothermal emnergy offers potential benefits to Hawaii, which, given
thié state's virtuallf complete dependence on oil, are of importance to its
economy. Reducing this utter dependence by substituting indigenous geothermal
water for imported petroleum to fuel the generation of electricity would aot
only reduce cash outflows (and perhaps hold down the price of electricity) but
would lower the present unce%tainty of continued reliance on oil from overseas
suppliers.

However, a geothermal development limited to a small or medium size
(say 35 to 50 M) electric generating plant, would not have much impact on the
Hawaii economy. A substantial econmomic impact might result from & generating
facility large enough to bring down the cost of electricity and stimulate many
industrial applications on the Big Island (or, when technological braakzhroughs
permit, the export of energy to industrial markets off the Island). Multiple
use of even a limitaed geothermal resource might create in #griculture, industzry
and tourism a significant number of jobs, ﬁot to be expected from an automated

generating plant itself,
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An increase in job opportunities on Hawaii would help tﬁe State to
implement its announced policy of minimizing further congestion of population
in and around Homolulu. Geothermal development and associated economic growth
in Puna would require the construction of water supply and waste disposal systems,
plus other infrastructure, to serve a larger population. Such public costs would
offset, perhaps exceed, additional tax revenues generated by an economic expansion
based on geothermal production. Only after many years 1s it to be expected that
the royalties received on State mineral leases, plus the taxes on geothermally-
stimilated business, would exceed the cost to the government of preparing the

way for and perhaps participating in the development of the new resource,
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8. ALTERNATIVES TO PROPOSED ACTIONS

The question of alternatives to the proposed research and demonstration
project for geothermal energy may be construed in two ways. The first is:
"What alternatives are there to this new energy source?' The answer to th;s
quastion is expanding the use of petroleum, on which Hawaii is now so heavily
dependent, or seeking other substitutas for petroleum. Those substitutes which
seem technically possible for Hawaii include solar, ocean thermal, wind and
biomass-derived energy, among indigenous sources, md coal and nuclear energy,
among the non-indigenous sources,

On environmental as well as economic grounds, it seems preferable to
secure indigenous energy sources, and such is the policy of the State of Hawaii.
Among the indigenous sources, geothermal power is at the stage of development
most advanced for the production of commercial and industrial power, as
contrasted with the application of solar energy for haating domestic water
supplies, a technology already in use for that limited purpose. Geothermal
energy is not considered an alternative to ocean thermal, wind or blomass anergy,
in the sense of being a complete substitute., Rather, these. are complementary
modes of energy production which together may significantly reduce Hawaii's
dependence on imported oil,

The ;econd construction of the question is: 'What alternative sitas have
been considered for this geothermal research and development project?" Before
the well, HGP-A, was drilled, University of Hawaii geophysicists studied the

1
Big Island over the course of two years.-/ They selected the drill sits as that

1/ Several techniques were used to locate the site where there was the highest

probability of tapping a geothermal reservoir. These included infrared photograpay

from an airplane to find hot zones, geoelectrical surveys to f{ind places of high
conductivity which may be associated with hot subsurface liquids, and microearth-
quake and microseismic surveys to identify possible geothermal activity at depth,
The most promising survey results converged on the area in the immediate viecinity
of HGP-A. 7For a listing of research publications reporting the results of these
and other investigations preceding the drilling, see the attached 3ibliogravchy.
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most likely to tap a geothermal reservoir within the areas open for such drill-
ing. (Locations within the Hawaii Voleanoes Natiomal Park and built-up areas
were excluded from consideration as being unavailable). The success of that
drilling now limits the R&D project to the area of the.well, for it would be
costly, inefficiemt and environmentally disruptive to pipe the steam and hot
water any distance from HGP--A.E

In summary, the alternatives to the proposed action are to abandon geo-
thermal testing or to do it at a place removed from the present well, Abandon~
ment would slow down or possibly end for the time being the development on the
Big Island of geothermal energy. A long-range consequence would be to increase
the likelihood of bringing in coal-burning or nuclear power stations by the end
of the century,‘if oil supplies prove to be as scarce and expensivé by that time
as it is widely predicted. Moving the proposed geothermal research station awvay
from HGP-A to some other sita would necessarily add to the costs and adverse

environmental effects of the project,

2/ The pipes necassary to bring the hot fluid from the wellhead to a
research/demonstration facility located away from the well would necessarily
intrude on more space; the heat lost in piping would reduce the efficiency
of the generacor, .
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9, CONTROLLING FUTURE GEOTHERMAL DEVELOPMENT

The research and demonstration project which is the subject of this E. I.S.
will in itself have minor environmental effects, but if it is successful in
its purpose of stimulating the development of a new energy source, the long-
run environmental consequences would be much more significant, The State and
county governments are therefore concerned over what controls they may have on
a nascent geothermal "yndustry'': are there adequate mechanisms available to
them to check unwanted directions oT degrees of its development?

The adequacy of any governmental controls obviously depends om the alacrity
and skill with which they are applied, but it is evident that thers is no dirth
of control points over geothermal d;velopment.

A. Controlling Geothermal Uses of Land

Land Use Law (Chapter 205, Part I, HRS)

Most of the lands around the project are classified as "agricultural.”
To use such land for drilling or producing from geothermal wells, the owner or
operator must obtain a special use permit from the County Planning Commission,
subject to approval by the State Land Use Commission. Should either level of
government wish to direct or stop a given geothermal project, it has the means
at hand ia the special use perait process =< subject to appeal to the couxts
if permission is unreasonably withheld, but with a burden on the applicant teo
show the unreasonableness of government action.

I1f geothermal development is proposed for watersheds, forests, parks,
wilderness areas or other lands classified as 'conservation," permission must
be granted by the State Department of Land and Natural Resources, which has
control over areas so classified. The subzone called "General Use" adaits
uses 'mot detrimental to a multiple use conservation concept,"” which might

include geothermal wells, but the DL&NR would have to be convinced.
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B. Environmental Controls

State Environmental Quality Control Law (Chapter 343, HRS)

. Under the statute,‘any project which will probably have "significanc
effects" propo;ed for comservation lands, within a shoreline setback area, on
a registered historic site, one which requires an amendment to County geheral
plans, or any,prbject using State or County lands or funds, must obtain approval
by tﬁe Governor or his authorized representative of an envirommental impact
statement. Notice must be given to public agencies, as well Es interested
private parties, who may voice their objection to 'any aspect of che project,

National Envircnmental Quality Control Law (PL 91-190)

&f:ﬁédefallfuﬁds are used on a project, it may also be subject to
T L L "

a2 federal £.I1.5. Such was the case with the drilling of HGP-A, since much of

the funds were provided by the National Scienca Foundation and then the Enerzy

Research and Development Administration, and so it is now with this project,

since funding will come from the Department of Znergy. It is not ‘clear if-a

private geothermal enterprise, using loan funds guaranteed by the federal

government, would be so subject,

C. Contrelling Access.to Geothermal Resources

State and County Lands, The State of Hawaii holds title %o large

parcels of land -- almost 40 per ceat of the 2r2a of Hdewall County, for example,

== and as landowner the government can comtrol access to geothermal reservoirs

underlying its holdings: The County of Hawaii itself owns land, on a2 nmuch
smaller scale. It has title to two parcels in the geothermal area of Puna,

State minefal rignts; Regulation, Since the Great Mahele, the

government of Hawaii has reserved for itself rights to minerals beneath many
parcels granted to private owners, and by Act 241 of the 1974 Hawaii Legisla-

ture, geothermal resources are defined as mineral,
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Under Chapter 182, HRS, ('"Reservation and Disposition of Government
Mineral Rights'), the Department of Land and Natural Resources may issue leases
to drill geothermal wells on private lands where mineral rights are reserved, as
well as on state-cwned lands. Conditions for getting and using geothermal leases
are set down in rules and regulations relating to geothermal operations presently
being considered for adoption by the Board of Land and Natural Resources, The
rules are concerned with envirommental safeguards and protecting the productive
capacity of geothermal reservoirs, as well as safety and economic regulation.

D. Other Government Controls

General Plans. The 1977 Hawail State General Plan encourages the

development of indigenocus energy sources, but as yet has ho specific develop-
ment plan or criteria for geothermal energy. Provisiouns relating to geothermal
development in the State General Plan and in the plan of the County of Hawaili
could set objectives and boundary conditions which would be helpful to the
Department of Land and Natural Resources, the State Land Use Commission, the
County Planning Commission, and other public agencies which have to respond to

initiatives for geothermal development.

Public Finance Mathods, The pace, if not the direction, of geothermal

development can be influenced by discretionary fiscal actions available to the
State government, It may accelerate development by setting at low levels the
royalty payments it collects on State-cwned geothermal deposits; by giving
special tax considerations (especially umnder the property, net income and general
excise taxes) to geothermal companies; by providing accegé roads, water supply,

sewage digsposal and other infrastructure investment in support of new geothermal

-fields. Such indirect -- and conceivably direct -~ subsidies could be conditioned

upon the State's satisfaction with private development plans. Tax incentives,
however, must be offered to all comers and so are a less f{lexible mode of control

over development of a new natural resource.
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Z. Congruence with Government Plans

The joint sponsorship of the geothermal project by the State and
County of Hawaii bespeaks its fit into the plans and objectives of both govern-
ments. The new General Plan of.the State, drafted by the executive.and now
being submitted to the Hawaii State Legislature, singles out the development
of indigenous energy sources, including geothermal power, as an important
State objective for the last part of the 20th Century, The General Plan of
the.County of Héwaii, adopted in 1971, makes no mention of the then-undiscovered
new energy sourée, but there is no conflict between the courses of action
recommended in the Plan for Puna -~ developing agriculture and related industrial
activities ~- and the geothermal research/demonstration facility of HGP-A.
Rather, the establishment of the geothermal station would implement the General
Plan pelicy of encouraging "the expansion of the research and development
industry.”l/ If it is successful, the Station will be a means of achieving
the goal of greater self-sufficiency in energy supply which the County of

Hewaii seems to be adopting in fact, though not yet by official proclamaticn,

1/ Hawaii County, Gemeral Plan, Hilo, Hawaii (1971), p. 10.
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10. LIST OF NECESSARY APPROVALS

Construction of a research/demonstration facility for geothermal energy
at the HGP-A well site requires the following governmental approvals or
scrutiny:

1. The Federal Department of Energy must approve the project, since
it is financing most of the costs, and will prepare its cwn environmental impact
statement to comply with the National Environmental Quality Control Law.

2. The Planniné Commission of the County of Hawaii has been asked
to grant a special use permit, since the land involved is zoned agricultural.
The permit is subject to approval by the State Land Use Commission,

3. Construction of the structure comprising the Ffacility will require

approval by the Department of Public Works, County of Hawaii, béfore the necessary

permits are I{ssued,

4, Operation of the well will be subject to the rules and regulations
governing geothermal well operations, which have been formulated by the 3oard of
Land and Natural Resources.

5. The State Departmentof Public Health is responsible for checking
on air and water pollution which may be caused by this project, not only from
the operation of the geothermal well, but from sewage disposal on the site;

public health regulations must be met.

-83-
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AGENCIES AND ORGANIZATIONS CONSULTED IN PREPARATION OF E.I.S.

AI

Federal

U.S. Army Corps of Engineers

U.S. Department of Energy (formerly Emergy Research and Development

Administration) .

State of Hawaii

Department df the Attormey General

Department of Health

Department.of Land and ¥atural Resources
Department of Planning and Economic Development
Department of Tramsportation

Office of Envirommental GQuality Control

University of Eawaii

College of Arts & Sciences:
Department of Botanical Sciences
Department of Microbiology
Department of Zoology

College of Engineering

College of Tropical Agriculturs

Environmental Center

Hilo College

Water Resources Research Center

School of Public Health

County of Hawaii

Department of Public Works
Department of Research & Development
Department of Water Supply

Planﬁing Department

Public Utilities

Hawaii Electric Light Company

Hawaiian Electric Company
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Private

Chamber of Commerce of Hawail
Congress of the Hawaiian People
Life of the Land

Ohana o Pahoa
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12. COMMENTS AND RESPONSES MADE CONCERNING THE E,I.S.

The following letters were received in response to the E.I.S., Preparation
Notice and to the first draft of the E;I.S. Many other comments and suggestions,
communicated by memoranda within the Department of Planning and Economic Develop-

ment, were responded to by revisions in the text and are gratefully acknowledged

by the author.
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Mr, Hideto Rone, Director

Department of Planning and
Economic Devalopment

State of Hawaii .

250 South King Streat

Honolulu, BI 96313

T ey ——

Dear Mr. Kono:

DEPARTMENT OF THE ARMY
U. S. ARMY ENGINEER DISTRIGT, HONOLULY

BUILDING 230

FT. SHAFTER, HAWAII 98838

24 February 1978

TerTmny TS
D!l ah.-.u!\.—':’n S !:o": 'Cl:'.

MAR 1 1973

UPED

Thank you for the opportunity to comment on the envirommental impact state-
- ment for the Hawaii Geothermal Research Station at Puna, Hawaii. Wa have

reviewed the document and have conc
jurisdiction over the project as de

luded that the Corps will have no permit
scribed., However, we are interasted in .

the outcome of the project because of our imvolvement irn the Eilo Compra-

hensive Study,

It appears that the EIS addresses most of the relevant impact&}lbut 1t".
appears to us that at least thres areas of concern need further clarification:

a. ‘There is only brief mention in the Envirommental Settine portion of

the EIS regarding the ambient atmos
Zona. /We feal that this existing ¢
well, may create a significant heal

pheric mercury levels in the Puna rift
ondition, unrslated to the geothermal.
th hazard and may make the area an une

desirable location for prolonged human occupation{ Any increase in mercu:y-'

levels as a result of well operation may increase

the hazard, regardless

of the extent to which ambient levels fluctuate naturally. Considared to-
ava flows in the area, it is clear that tkz

gether with the recency of 1

visks assoclatad with seothermal

in Puna should be stated cla

b. The EIS discussion T
sulfur sludge disposal and g

davelopment and associated populatioa growth

arly and evaluated.

egarding the offensive smell associated with
ases from the well does not adequately substantie
ate the statements that contemplated odor control techniques will effectivaly
eliminate the problem or reduce it to an acceptable level., The proximity

of growing housing developments (i.e, Leilani Estates) underlines the need

.- n-qcﬂvaﬁ-ﬁ'—.-.n-;w—! B mmssemliic sewe B e mrEE e b o

S sy wys
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PODED-FV 24 February 1978
Mr, Hideto Kono .

for effective controls., If the use of "scrubbers' or other techniques for
control of sulfur odors has been proven adequate elsewhere, it should be
indicated. However, if essentially unproven techniques are involved here,
it should be so stated and the risks involved should be discussed, '

c. Reference to archaeology of the area (pages 22-23) did not indicata
whether or not a fileld survey was accomplished by an archasologist or whether
» the discussion was based sclely on the consultant's general knowledge of
" the Puna area. The potential for expanding geothermal development in tha
area suggests the need for an archaeological survey at a level comparabla

. to the biological studies undertaken for this project. Wa also recommend <

that you coordinate directly with the State Historic Preservation Officar
in order to satisfy State and Federal procedures on historic presaervation.

Thank you again for the opportunity to comment.

Sincerely yours,

% - .

[

.qi . F. H. ?ENDER '

\: . ' Co Colonel, Corps of Enginaers
b _ District Engineer

cbpy Furnished: ' T
Office of Environmental Quality Contrpl . N

State of Hawaii . P S
550 Halekauwila Street, Room 301 . T T A
Honolulu, HI 96813 _ L ) :w'_-'*;'..
b7
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GEQRGE R. ARIYOSHI
C

Qvernor

DEPARTMENT OF PLANNING MIOETE S
AND ECONOMIC DEVELOPMENT

Kamamaly Suilding. 250 South King St.. Honolulu, Hawaii « Mailing Address: .0, Box 2355. Honolulu, Hawaii 96804

March 15, 1978

Your Ref. PODED-PV

Colonel F. M. Pender

Army Corps of Engineers
Bujlding 230

Fort Shafter, Hawaii 96858

Dear Colonel Pender:
Re: EIS, Hawaii Geothermal Research Station

Your comments on the subject E.I.S. raise a basic question of
social policy. I refer to the responsibility of a public agency in an
area, such as Puna, where the ambient air quality may be questionable, %o
sustain or encourage human occupation. We start with the fact that there
is yet noﬁambientmait,standard,ch,meggurxusgx_by E.P.A. The Agency has
recommended a maximum of 1.0 micrograms per cubic meter, but I am informed
by Dr. Sanford Siegel and Dr. Barbara Siegel, geotoxicology specialists
at the University of Hawaii, that this recommendation is a cautionary one,
yet unsubstantiated by laboratory evidence. It is a Jevel exceeded in
Hawaii wherever the atmosphere is significantly influenced by emissions
from the Kilauea rift zone; for example, tests made at 2,000 meters above
?eg lavel between the Big Isiand and Oahu have shown values in excess of

As the section of the E.I.5. you referred to demonstrates, the
Drs. Siegel have demonstrated that there is no significant addition made
by operation of the geothermal well to the ambient mercury level. During
the February 1978 flashing, the ambient mercury ievel did not change
relative to its pre-fiow value of about 1.5 micrograms per cubic meter,
and as a matter of fact, during the flashing of the well in November 1976,
the level recorded in the latter stages of the flow was actually lower
than what it had been at the onset of the f1ow--presumably because the
vapor plume had washed away some of the mercury content.

More to the point, perhaps, is the relation of HGP-A emissions to
federal standards. On the basis of data collected during three flashing
experiments, in November 1976, April 1977 and February 1978, it has been
found that under stabilized flow conditions the output of mercury was Tess
than one gram per 24 hours. This compares with EPA standards for coal-
fired power plants of 2,300 grams per 24 hours and for sludge/sewage
incinerators of 1,600 grams per 24 hours (National Emissions Standards,
121:0461, 1976). .
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Colonel F. M. Pender -2- March 15, 1978

This brings us back to the fundamental question you raise. Should
the government withhoid developments in an area which is inherently
subject to atmospheric conditions deemed suboptimal, and may be adverse,
under a preliminary, cautionary standard? If §0, then it is a problem we
share with the U.S. Army, for the ambient mercury levels at Kilauea
Military Camp (KMC) are much higher than at the HGP-A well, since KMC is
much closer to the sources of emission. Personnel of the Department of
the Interior in the Volcanoes National Par§ are also heavily exposed to
mercury levels well above 1.0 micrograms/m3, but perhaps that can be
rationalized as a risk attached to their work.

I think that the question you raise has to be addressed in terms of
alternatives. The alternative to geothermal power development in Puna, is
realistically, not holding down increases in the population of the area,
but rather providing different energy sources. In the short run, that
will be another oil-fired generating plant for HELCO. In the longer run,
lacking geothermal development, coal-fired plants are 1ikely to be con-
structed. And the environmental impact of both oil and coal, including
?er?ury emission, is far higher per kilowatt hour than that of a geothermal

ield.

From this we conclude that it is a responsibie: act to encourage geo-
thermal development, as this project aims to do. Should it be determined

-that a mercury level of 1.0 or 1.2 or something of that magnitude were

indeed dangerous, then this project--along with all ongoing development

plans for the Puna District--would have to be reconsidered. In the absence’

of a scientifically established standard, we can take some assurance from
the fact that such facilities as Volcano House and KMC have been used for
decades without apparent hazard to the people living there.

With respect to HpS odors, the scrubbers we are investigating are
designs tested in use at other geothermal fields and found effective. If,

unexpectedly, they are not found to be effective here, reinjection will

be used. In any case, we are pledged to using whatever technology works
to keep the Geothermal Station from being a nuisance to its neighbors.
We will note in the E.I.S., as you suggest, that the scrubbers will use
technology proven at other geothermal areas.

The investigation of archaeology in the Puna District, as stated on
the bottom of page 20 of the draft, is the work of William J. Bonk,
University of Hawaii at Hilo, Professor of Anthropolegy. Professor Bonk
has-been researching archaeological sites in Puna for more than a quarter
century, and the cumulative results of extensive field work underlie his
report.

Thank you for your interesting comments.

Sincerely,

Hideto Kono

HK/ Tk
cc: Office of Environmental Quality Control
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UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
P. 0. Box 50004, Honolulu, HI 96850

February 21, 1978

Mr. Hideto Kono, Directox
Department of Planning and
Economic Development

P. 0. Box 2359 ' FEB 23 1373
Honolulu, Hawaii 96804

Dear Mr. Kono:

Subject: Hawaii Geothermal Research Station - Utilizing the
HGP-A Well at Puna, Island of Hawaii

We have reviewed the subject environmental impact statement and have
no comments to offer.

Thank you for the opportunity to review this document.

Sincerely,

State Conservationist

cc: Office of Environmental Quality Control
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February 24, 1973

Mr. Jack P. Kanalz

State Conservationist

U.S. Department of Agriculture
5011 Conservation Service

P. 0. Box 5GgG4

Henolulu, Hawaji 96350

Dear Mr. Kanalz:
Subject: Review of Environmental Impact Statement for Hawaii

Geothermal Research Station Utilizing the HGP-A
/ell in the Puna District, Island of Hawaii

Thank you for your review of the ZIS for the proposad Hawaii Geo-
thermal Research Station Utilizing the HGP-A Well in the Puna Bistrict,
Island of Hawaii. Tne revised EIS is presently in preparation and will be
available through the Office of Environmental Quality Control.

Sincarely, .

Hideto Kono

Ak/1k
c¢e: QEGC
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United States Department of the Interior

FISH AND WILDLIFE SERVICE
Division of Ecological Services
300 Ala Moana Blvd., Rm. 5302 . FEB 9. 1618
P. O. Box 50167 ‘
Honolulu, Hawaii 96850

Reference: ES i - ' T - "(“

February 8, 1978

Office of Environmental Quality Control
550 Halekauwila Street, Room 301
Honolulu, Hawaii 96813

Re: EIS - Hawaii
Geothermal Research
Station Utilizing
HGP-A Well at Puna
Hawaiil :

Dear Sir:

As requested by our letter of January 20, we have reviewed
the subject document. . v

We believe that, provided the liquid and solid wastes are
disposed of by the methods deseribed, and that effluents are
not permitted to enter marine or freshwater environments,
the project will have little or no affect on fish and
wildlife resources. :

We appreciate the opportunity to comment.
Sincerely yours,

i

Maurice H. Taylor
Field Supervisor

Save Energy and You Serve America!

—t
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February 23, 1973

Your Ref. ES

Mr. Maurice H. Taylor

Field Supervisor

United States Department of the Interior
Fish and Wildlife Service

Division of Ecological Services

P. 0. Box 50167

Honolulu, Hawaii 96850

Dear Mr. Taylor:
Subject: Review of Environmental Impact Statement for Hawaii

Geothermal Research Station Utilizing the HGP-A
Well in the Puna District, Island of Hawaii

Thank you for your review of the EIS for the proposed Hawaii Geo-
thermal Research Station Utilizing the HGP-A Well in the Puna District,
Island of Hawaii. The revisad EIS 1s presently in preparation and wili
be available through the Office of Environmental Quality Control

Sincerely,

Hideto Kono

RK/ Tk
cc: OEQC

-1 At ks
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HEADQUARTERS
FOURTEENTH NAVAL DISTRICT

BOX 110
PEARL HARBOR, HAWAII 85860

Environmental Quality Commission

Office of the Governor

State of Hawaii

550 Halekauwila Street, Room 307

Honolulu, Hawaii 96813

Gentlemen:

Environmental Impact Statement for the
Hawaii Geothermal Research Station

IN REPLY REFER TO:
C02A:FHD:amn
Ser 320

16 FEB 1978

Utilizing the HGP-A Hell at Puna, Island of Hawaii

The Environmental Impact Statement for the Hawaii Geothermal Rggearch

Station forwarded by your Tetter of 20 January 1978 has been reviewed,

and the avy has no comments.

for future reference.

Thank you for the opportunity to review thé EIS.

Copy to: -
State DPED L

0EQC

Sincerely,

R. P, MYSTZOT
meemee 03, USN

~ L e

R 1 -
e I ovab EnGa

The EIS will be retained by this Command

5 DieeCTiON CF 1HE COMILATIDANT



February 23, 1978

Your Ref. O002A:FWD:amn
Ser 329 '

Captain R. P. Nystadt, USH

District Civil Engineer

Headquarters Fourteenth Haval District
Box 110

Pear] Harbor, Hawaii 968860

?ear Captain lNystedt:

Subject: Review of Environmental Impact Statement for Hawaii
Geothermal Research Station Utilizing the HGP-A
Well in the Puna District, Island of Hawaii

Thank you for your review of the EIS for the proposed Hawaii Geo-
thermal Research Station Utilizing the HGP-A Well in the Puna District,
Island of Hawaii. The revised EIS is presently in preparation and will
be available through the Office of Environmental Quality Control.

Sincerely,

Hideto Kono

THK/ 1k

cc: (0eqQC
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GECRGE R, ARIYOSH!

JOHN FARIAS, JR.
GOVEANOR

CHAIAMAN, BOAAD OF AGRICULTUAE

YUKIO KITAGAWA
DEPUTY TO THE CHAIRMAN

BOARD MEMBERS:
STATE OF HAWAII
DEPARTMENT OF AGRICULTURE emgar F- MoRGADD
1428 SO. KING STREET Sid G
HONOLULU, HAWAN 96314 : embon o, G00
. SHIZUTO KADOTA
PO ! - HAWAL MEMBER
o MR STEPHEN Q. LL AU
KAUAI MEMBER
FRED M, OGASAWARA
MAUI MEMBER
February 7, 1978
MEMORANDUM
To: Environmental Quality Commission

Office of the Governor
Subject: Hawaii Geothermal Research Station Utilizing
the HGP-A Well at Puna, Hawaii ~ EIS

The Department of Agriculture has no comments on this Eavironmental
Impact Statement.

We appreciate the opportunity to comment.

JOHN FARIAS, JR,
Chairman, Board of Agriculture
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February 24, 1378

Honorable John Farias, Jr.
Chairman, Board of Agriculture
Department of Agriculture

1428 South King Street
Honolulu, Hawaii 96814

Dear Mr. Fardias:
Subject: Review of Environmental Impact Statement for Hawaii

Geothermal Research Station Utilizing the HGP-A
Well in the Puna District, Isiand of Hawaii

Thank you for your review of the EIS for the proposead Hawaii{ Geo-
thermal Research Station Utilizing the HGP-A Well in the Puna District,
Island of Hawaii. The revised EIS is presently in preparation and #ill be
available through the Office of Environmental Quality Control.

Sincerely,
Hideto Kono

HK/ Tk
cc:  QEQC
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GEQRGE R ARIYQSHI
GQVERMNOR

STATE OF HAWALII AN T L
DEPARTMENT OF DEFENSE )
OFFICE OF THE ADJUTANT GENERAL
3949 Diamond Head Road, Honolulu, Hawaii 96816
HIENG

28 JAN o

¢

Mr. Hideto Kono, Director

Department of Planning and
Economic Development

Kamamalu Building

250 South King Street

Honolulu, Hawafi 96813

Dear Mr. Kono:

Hawaii Geothermal Research Station Utilizing
the HGP-A Well at Puna, Hawaii

Thank you for sending us a copy of the "Hawaii Geothermal Research Station
Utilizing the HGP-A Well at Puna, Hawaii" Environmental Impact Statement.
We have received the publication and have no comments to offer,

Yours truly,

. 7
WAYNE R. TOMOYASU (.
Captain, CE, HARNG
Cont & Engr Officer

VALENTINE.A. SIEFERMANN
MAOR GENERAL
ACQJUTANT GENERAL

R € et T
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February 23, 1973

Captain Yayne R. Tomoyasu, HARNG
Contracting & Engineering Officer
Department of Defense

3949 Diamond Head Road

Honolulu, Hawaii 96816

Dear Captain Tomoyasu:
Subject: Reyjew of Environmental Impact Statement for Hawatii

Ceothermal Research Station Ut{lizing the HGP-A
Well in the Puna District, Island of Hawaii

Thank you for your review of the EIS for the proposed Hawaii Geo-
thermal Research Station Utilizing the HGP-A Well in the Puna District,
1sland of Hawaii. The revised EIS is presently in preparation and will
be available through the Office of Environmental Quality Control.

Sincerely,

Hidato Kono

HK/1k
cc: OQEQC
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CImRCTOR'S OFFILE
e - GEORGE A. L. YUEM
! .1 oRECTOR oF HEALTH -
[ OCT 121977 - ‘avardy w. Merrz. M. o,
i § Oeputy Cirecor af Heas
| STATE OF HAWAII! i e Hoary N Thompson, MA.
R Cirector of Heaitry
DEPARTMENT OF HEALTH R, °'f’;"
£.0. Bax 31978 Jaries S. Kumagad, Ph.O. P.E
HONOLULU, HAWAI 56201 Oeputy Diractor of Hemen
October 7, 1877 I repty, plesse refer toc

Fi« EPHS =~ gg

Mr. Hideto Xono, Director

Department of Planning and
Economic Development

P. 0. Box 2359

Honolulu, Hawaii 96804

Dear Mr, Xono:

Subject: Request for Comments on Proposed Environmental Impact
Statement (EIS) for Geothermal Research Facility Project
at Puna, Hawaii .

Thank you for allowing us to review and comment on the subject
proposed EIS. ' ‘

Although we are aware of the fact that HZS exissions will
be minimized by the use of scrubbers, we recommend that public
informational meetings be held to inform the residenes of the affacted
comnunity prior to any construceion. In particular, please be sure
to meet with the presidents of the Leilani and Nanawale Estates
community associations. . ‘

We realize that the statements are general in nature due to
preliminary plans being the sole sourse of discussion. We, thersfore,
reserve the right to impose future environmental restrictions on the

| Project at the time f£inal plans are submitrted to this office for review.

Sincerely,

JAMES S. KUMAGAX, Ph.D. T
Deputy Director for
Environmental Health

¢c: DHO, Hawaid




- University of Hawaii at Manoa

Hawaii Geothermal Project

MEMORANDUM November 22, 1977

James S. Kumagai, FPh.D.
: Deputy Director for Environmental Health
: Department of Health
P. 0. Box 3378
- Honolulu, HI 963801

Re: Your letter of October 7, 1977
— Comments on Proposed E.I.S. for Geothermal Research
FPacility project at Puma, Hawall

Dear Dr, Kumagai:.

o Since responses to the E.I,S, rejoinders must be included in the final
Environmental Impact Statement, Mr, Kono has referred your letter to me, as
T author of the E,I.S., as well as to his staff.

They have, I am confident, taken note of your suggestion that residents
of the affected comnunities be informed prior to any construction. By inclusion
of your letter in the E.I,S., you are on record as reserving the right to impose
future environmental restrictions on the project when final plans are submitted
to your office for review,

..J

-

Sincerely, :

Tt L.‘ﬁ.,_;.

ROBERT M, KAMINS
Consultant

()

)

r

{.J

_RMK:ny

ce: Department of Planning and Economic Development
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r GEORGE R. ARIYOSH!
GOVERNOR OF HAWAH
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o~ 9 {7 GEORGE A, L. YUEN
- ' DIRECTOR OF HEALTH
Audray W. Mertz, M.D.., M.P.H.
Deputy Director of Heaith
STATE OF HAWAII Heney N. Thompson, M.A.
Deputy Director of Heaith
DEPARTMENT OF HEALTH s ‘ b. PE
James §. Kumagai, Ph.D., P.E.
P.O. Box 3378 Ceputy Director of Health
HONOLULL, HAWAII 96801
February 2 N 1978 in raply, plaase refer to;
Fila: EPHS = 85
MEMORANDIM
To: Mr. Hideto Kono, Director

Department of Planning & Economic Development
From: Deputy Director for Environmental Health

Subject: Environmental Impact Statement (EIS) for Hawaii Geothermal
Research Station Utllizing the HGP-A Well at Puna, Hawaii

time final plans are submitted to this office for review.

ce:  Environmental Quality Co
Office of Environmental ality Control
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February 23, 1978

Dr. James S. Kumagai

Deputy Director for Environmental Health
Department of Health

P. 0. Box 3378

Honolulu, Hawaii 96301

Dear Or. Kumagafi:
Subject: Review of Environmental Impact Statement for Hawali

Geothermal Research Station Utilizing the HGP-A
MWell in the Puna District, Island of Hawaii

Thank you for your review of the EIS for the proposed Hawail Geo-
thermal Research Station Utilizing the HGP-A Well in the Puna District,
Island of Hawaii. The revised EIS is presently in preparation and will
be avaflable through the Office of Environmental Quality Control.

Sincerely,

Hideto Kono

H/ Tk
ce: QEQC
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BOAMD OF LAND & NATURAL RE3QUACES

GEQRGE R, ARIYO3SHI
GOVERNOM OF HAWAN

EDGAR A. HAMASU
DEFUTY TO THE CHAIRAMAN

(-
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Honolulu, HI

STATE OF HAWAII

DEPARTMENT OF LAND AND NATURAL RESQURCES

P. Q. BOX 021
HONOLULU. HAWAIJLI 96809

DIVISIONS:
CONVEYANCES
FISH AND CAMZ
FORKIATRY
LAND MANAGEMENTY
STATE FARKS

WATER AND LAND Dl‘lll.l.OPllle

September 23, 1877
i DINTeToAe camen
tonorabie Hideto Kong 1 SEPQ]_E}?ﬂl
Department of Planning and | ;
Economic Development == i
P. 0. Box 2359 i LiizD

96804

Dear Sir:

We are p]eased to learn of progress being made

on HGP-A.

The EIS preparation notice appears adequate

except:

1. There is lack of details about
the visual impact of the cooling

tower.

2. No mention is made if the project
will add to ambient levels of mercury.

Very tru]y yours,

LAXL

/U~£UJ~

w. v tHomPSON |

Chairman of the

cc:- DOWALD

oard
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GECRGE R, ARITOSHI
GOVERNDIT OF MAWALN

STATE OF HAWALI

DEPARTMENT OF LAND AND NATURAL RESOURCES

P, O. BOX 82t
HONOLULUY, HAWALl 26809

September 23, 1977

Honorable Hideto Kono

Department of Planning and

Economic Development
P. 0. Bax 2359

Honolulu, HI 96804

Dear Sir:

W, Y. THOMPSON, ERatmsiy

BOARD OF LAND & NATURAL RLIOURCES

EDGAR A. HAMASU
DERUTY TO THE CHAIAMAN

DIVISIONS:
CONVEYANCES
FISH ANO Gamg
FoRLaTAY
LAND MANAGEMENT
STATE FARKS
WATER ANDC LANG DEVELOPMENT

Ty

We are pleased to learn of progress being made

on HGP-A.

The EIS preparation notice appears adequate

except:

1. There is lack of details about
the visual impact of the cooling

tower.

2. No mention is made if the project
will add to ambient levels of mercury..

cc:  DOWALD

Very truly yours,

. .

- jk}\—aﬁ-‘s—

N. Y! THOMPSON |
Chairman of the

oard
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University of Hawaii at Manoa
Hawaili Geotkermal Project

MEMORANDUM November 22, 1977

Mr. W. Y, Thompson, Chairman

Board of Land & Natural Resources
Department of Land and Natural Resources
P, 0, Box 621

Honolulu, HI 96809

Re: E,I,S. for Geothermal Research Facility at Puna
Dear Mr, Thompson:

Mr. Kono referred to me your letter of September 23, 1977, commenting
on the E,I,S. preparation notice so that the E,I.S., itself would have the
benefit of the points you raised. May I reply to each of them.

1. Information about the probable height of the cooling tower is in-
c¢luded in the E,I.5., as well as noting the concern of the project to minimize
aesthetic intrusion, within limits given by technological requirements for the
cooling system, The height and bulk of the tower (or possibly towers) cannot
be specified until the unit is designed,

2, The E,I.S. now specifies, on the continuing observations of Professors
Stanford and Barbara Siegel, that the geothermal well has not measurably added
to the ambient level of mercury in that area of Puna, and that the level is
essentially set by natural emissions along the rift zone -- particularly, in
recent months, by the Heiheihulu cone., In the words of Mr, Siegel: ''Measure-
ments carried out in July-September, 1977, show the presence not only of air
mercury, but also of S0, and H,S0, at HGF-A, although the well itself had been
shut down since May. The presence of these toxic gases can only be ascribed.
to natural area contamination, not introduction from the well itself."

I hope that this reply adequately addresses your concerns.
Sincerely,

T

ROBERT M, KAMINS
Consultant

RMK:ny

ce: Department of Planning and Economic Development
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NGARD ar l':..mu & NATUSAL REIDURGCIS

: @ JRGE A ARIYOSHI
1 VERNIR GF HAWAN

EOGAR A, HAMASY
DEFUTY TO THE CMAIAMAMN

STATE OF HAWAII
DIVISIONS:

B DEPARTMENT OF LAND AND NATURAL RESQURCES CONVEYANCTS
! P. ©. BOX 621 Fi3M AND cAmK
HONGQLULU. HAWAII 96803 :’:;’i‘:nm'
i STATZ PANRS
- F_ebruary 21, 1878 WATER ANO LANOG OEVELOPmMUTE

Eonorable George R. Ariyeshi
Governor of Hawaii
: 550 Halekauwila St.
- Honolulu, EI 96813

i

Dear Sir:

We have reviewed the EIS for the HGP-A well at Puna.

‘ We note that effluent leaving the condenser and accumulated
condensate will generally be discharged into a porous settling
™ basin without pretreatment. No data are given for effluent
temperature andéd chemical analysis. We note, however, that
planning is progressing for removal of E3 S before the
discharge is ponded (pp.44~45) and that injection wells will

be investigated as a possible alternmative.

B

- We also note that the BIS finds no groundwater reserveirs
. below the settling basin.

- We regret that little can be done to eliminate the

s malodorous Hj S. :

Very truly ZOurs.,

()

L
wW. Y. THOMPSON
Chairman of the Board

.

_ : cc:-/gept. of Planning and
Economic Development




GEORGE A. ARIYOSHI

Coverngr

DEPARTMENT OF PLANNING IOETO fe
AND ECONOMIC DEVELOPMENT A e e

March 15, 1978

The Honorable William Y. Thompson

Chairman of the Board

Department of Land and Natural Resources
0. Box 621 '

Honolulu, Hawaij 96809

Dear Mr, Thompson:
Re: EIS, Hawaiij Geothermal Research Station

Replying to your comments of February 21, 1978, on the subject
E.I.S.,planning is proceeding, in consultation with the federal
Department of Energy, on the design for the geothermal research station
which will include scrubbing of effluents before the discharge goes to
the settling ponds. A scrubbing system will be selected of a type
found to be effective at other geothermal areas, designed to remove most
of the H2S and odor, As an alternative, should it be necessary and
feasible, a reinjection well is alsg under consideration. - The governing

objective 1n selecting one methed of disposal or the other is effective-

Hideto Kono

HK/1k
cc: Office of Environmentaj Quality Control
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GEORGE R. ARIYOSHI ANDREW I, T, CHANG

GOVERNOR DIRECTOR OF SOCIAL SEAVICES & HOUSING
STATE OF HAWAII .
DEPARTMENT OF SQCIAL SERVICES AND HOUSING FEB l 5' l878
P. O. Box 339
Honolulu, Hawaii 96809
February 13, 1978
MEMORANDUM
TO: Environmental Quality Cammission

550 Halekauwilas St., Room 301
Honolulu, Hawaii 96813

FROM: Apndrew I. T. Chang, Director .
Department of Social Services and Housing

SUBJECTI: Environmental Impact Statement - Hawaii Geothermal Research Station
Utilizing the HCP-A Well at Puna, Hawaii

Subject EIS has been reviewed for its impact on departmental programs.
We have no comment to make and we are returning the EIS for your usage.

Thank you for the opportunity to review and comment.

DIRECTOR "
Attachment '

ce: Ggemor (0EQC)
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February 23, 1973

Honoravle Andrew I. T. Chang

Director, Dept. of Social Services
and Hcasing

P. 0. Box 339

Honolulu, Hawaij 96809

Dear Mr. Chang:
Subject: Review of Environmental Impact Statement for Hawaii

Geothermal Research Station Utilizing the HGP-A
Well in the Puna District, Island of Hawaii

Thank you for your review of the EIS for the proposed Hawaji Geo-
thermal Research Station Utilizing the HGP-A Well in the Puna District,
Island of Hawaii. The revised EIS is presently in preparation and will
be available through the Office of Environmental Quality Control.

Thank you for returning the EIS for our use.

Sincerely,

Hideto XKono

HK/ 1k
cc: OQEQC

PEmm s sas m e —————— —

e e
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. ARIYOSHI

E. ALVEY WRIGHT
(LT 3-41-11

SEPUTY DIRESTONS

WALLACE A0X)
AYOKICHI HIGASHICNNA
DOUGLAS 5. SAKANMDTO
CHARLES 0. SWAKSCN

STATE OF HAWAII
DEPARTMENT OF TRANSPORTATION

B85 PUNCHBOWL STREET
HONOLULUY, HAWALL 956812

February 23, 1978 STP 8.4725

IN REPLY REFER TO:

O0ffice of Environmental Quality

Control
550 Halekauwila Street, Rm. 301
Honolulu, Hawaii 96813

Gentlemen:

Subject: Environmental Impact Statement
Hawaii Geothermal Research Station

In reference to the above-captioned document, we have the following
comments to make: -

1. The Coastal Road Route 130 connects with the Chain of Craters
Road. Thus, routes 13 and 137 as written on page 31 should be

corrected to read Route 130.

2. Highway Route 132 is the Pahoa-Kapoho Road and is paved. It
does not pass the site of the project.

3. From our review of the project site, it appears: that Pohoiki
Road passes the site rather than Route 132.

We suggest that page 31 of the EIS reflect the above-mentioned
changes.

Sincerely,

,}Ji, R. GAstfﬁgﬁ{ Ph.D.

Acting Director ,




GEORGE R. ARIYQSHI

Covernor

DEPARTMENT OF PLANNING ORI S
AND ECONOMIC DEVELOPMENT FRANK SKRIVANEK

Kamamalu Building. 250 South King St.. Honolulu. Hawaii - Mailing Address: P.0. Box 2358, Honoluly, Hawaii 36804

March 15, 1978

Dr. R. Higashionna, Acting Director
Department of Transportation
- State of Hawaii
869 Punchbowl Street
- Honolulu, Hawaii 96813

Dear Dr. Higashionna:

R .

Re: EIS, Hawaii Geothermal Research Station

Many thanks for noticing the incorrect numbering which was given

; to the Pohoiki Road in our draft and the confusion that it caused in
~4 the text. We will correct the error. Concerning the route number to
be applied to the coastal road coming down from Pohoiki to Kaimu, the

; map we are working from (Puna District, in the Atlas of Hawaii) shows

i it to be 137 before it links up with 13 (or 130, as it appears on
other maps). Unless that designation is wrong, we will use it to

= identify that southeasternmost stretch of highway.

- Sincerely,

.

_

Hideto Kono

L]

HK/1k
cc: Office of Environmental Quality Control

L.
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GOVERNON
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FRANKLIN Y. K. SURN
DECUTIVE OIRECTOR
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WILLIAM A, HALL
ASSISTANT EXEC. QIRECTOR

STATE OF HAWAII
DEPARTMENT OF SOCIAL SERVICES AND HOUSING
HAWAIl HOUSING AUTHORITY

P, Q. BOX 17907
HONOLULU, HAWALL 36817

IN REPLY REFER

Pebruary 7, 1978

Environmental Quality Control
Commission

550 Halekauwila Street, Room 301
Honolulu, Bawaii 96813

Gentlemen:

Suﬁject: Enpvironmental Impact Statement
Review/Hawaii Geothermal Research

Station, Puna, Eawail )

The Hawaii Housing Authority has no comments on the above
raferenced environmental impact statement.

Thank vou for allowing us to reviaw this document. Should
you have any questions, please raefer them to Rex Jnhnson

at 848-3211.

Sincerely,
L7 %:ﬁ o
/ RANRLIN Y. K. SUNN
. Exacutive Dir=ctor

cc: Dept. of Planning & y/,/
Economic Development

™ 3-158.1/305
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February 23, 1978

Your Ref, 0-158.1/305

Mr. Franklin Y. %. Sunn
Executive Director
Hawaii Housing Authority
P. 0. Box 17907
Honolulu, Hawaii 96817

Dear Mr. Sunn:
Subject: Review of Environmental Impact Statement for Hawaii

Gegthermal Research Station Utiiizing the HGP-A
Well in the Puna District, Island of Hawaii

Thank you for your review of the EIS for the proposed Hawaii Geo-
thermal Research Station Utilizing the HGP~A Well in the Puma District,
Island of Hawaii. The revised EIS is presently in preparation and will
be avatlable through the 0ffice of Environmental Quality Control,

Sincerely,

Hideto Kono

HK/Tk
ce: QEQC

e e B A e o et 8 e e a5 e =



Richard L. 0'Connell

DIRICTOA

GEORGE R. ARIYOSHI
COVERNOR

| I

TELEPHONE NO.
SLo-60tS

STATE OF HAWAII
OFFICE OF ENVIRONMENTAL QUALITY CONTROL

OFFICE OF THE GOVERNOR
550 HALEKAUWILA ST,
ROOM 301
HONOLULU, HAWAI 96813

February 22, 1978

MEMORANDUM

TO: Hideto Kono, Director
Department of Planning and Economic Development

FROM: Richard L. O'Connell, Directoxr W
Of fice of Environmental Quality Control

SUBJECT: Environmental Impact Statement for the Hawaii Geothermal
Research Station Utilizing the HGP-A Well at Puna,
Island of Hawaii ' )

In our review of the environmental impact statement,
we have found several areas whexe discussion in the document
should be expanded. They are identified below:

GENERAL FORMAT

The EIS has described the proposed project and the site
separately. However, since the research station and the well arxe
considered one project, they should be analyzed together. 1In
other words, information and-data on the research station should
be included as part of the EIS and not the appendix. Further,
we recommend that the research station environmental impacts also
be discussed in the EIS.

PROJECT DESCRIPTION

The discussion under this category should be expanded,
to include, how geothermal energy will be convexted to produce
electricity, the ultimate population the project would serve, and
the research station in order to clearly indicate what the
proposed action will entail.

AIR EMISSIONS

Although the EIS includes data on the amount of emissions
and chemicals released from the geothermal wells, there should be
some discussion as to whether the proposed action will have an
effect on the wildlife population. (This also includes the impact
of the research station).
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Mr. Hideto Kono
Page 2
Fehruary 22, 1978

NOISE (p. 24)

What are the noise levels? How many pecple axe affected
by this noise?

PAGE 41

The EIS states, "Because the Hawaii Geothermal Project
is limited to a single production well in a small acreage locatad
in a relatively remote area recently subjected to lava flows, the
environmental impact is not great."” This statement is misleading.
It may be construed that an EIS is not needed. We recommend a
discussion to clarify matterxs.

BLOWOUTS (p. 44)

Danger from blowouts should be discussed further. Two
kinds of blowouts may occur. One is from drilling the well and
the other is durxing steady state operations. Some blowouts ocgcur
from instability of land formations. In othexr estreme cases, the
ground may suddenly open and causing the entire rig to collapse
into the well.

In addition, earthguakes may cause a severe impact on
the geothermal facility. Well splitting and pipeline ruptures
may occuxr. Since an earthquake registering 7.2 on the Richtex
scale has been recorded in Puna, we recommend a discussion to
include mitigation measures and emergency procudures when blowouts

occur.
PAGE 59

The statement, "Under the statute, any project which
will probably have 'significant effects' ...must submit and
obtain appreval by the Environmental Quality Commission of an
environmental impact statement,” should be amended. The
acceptance of this EIS rests with the Governor and neot the
Environmental Quality Commission. This QOffice has not attempted
to summarize other comments. Howevex, we strongly recommend that
each of these comments be given your careful consideration.

As of this date, this Office has received fourteen comments
on the above subject. An attached sheet lists the responding
agencies and/or organizations.
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Mr. Hideto Kano
Page 3
February 22, 1978

We further recommend that (1) responses be sent directly

to the commentors, indicating how each comment was evaluated,
considered and disposed; (2) if reference is made to the revised
EIS, a portion or the revised EIS also be sent to the reviewer;
and (3) a copy of the responses also be sent to ouxr Office.

The EIS Regulations state that responses to comments
should be made fourteen days after the review process. However,
the Governor or his authorized representative has the discretion
consider late responses. We will considexr respanses to comments
after the fourteen day response period.

We trust that these comments will be helpful to you in
preparing the revised EIS. We thank you for the opportunity to
reviéw the document. We look forwaxd to the revised EIS.

Enclosures

to
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LIST OF RESPONDING AGENCIES AND/OR ORGANIZATIONS

FEDERAL

* y.S. Fish and Wwildlife Sexvice

*

Department of the aixr Force

Fourteenth Naval District

Department of pefense

Department of Health

Hawaii Housing Authority

STATE
L]
*
Depaxtment
* Dapartment
COUNTY OF HAWAII
. Department
* papartment
* Dgpartment

of Agriculture

of social Services & Housing

of Public Works

of Water Supply

of Researxch and Development

Planning Department

UNIVERSITY OF HAWAIIL

* Water Resources Research Center

BRIVATE

* Hawaiian Electric Company. inc.

* penotes comment previously by commentor

Feb.

Feb.

Feb-

Jan.

Feb.

Feb.

Feh.

Feb.

Jan.

Feb.

Feb.

Feb.

!Tan .

Feb.

8, 1978
14, 1978
16, 1978
26, 1978
2, 1978
7, 1978
7, 1978
13, 1978
30, 1978
7, 1978
14, 1978
21, 1978
26, 1978
14, 1978

o ey 74
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GEORGE R. ARIYOSHI
Covemnot

DEPARTMENT OF PLANNING MOETO Bt
AND ECONOMIC DEVELOPMENT A e Ovecr

Kamamalu Building. 250 South King St.. Honolulu. Hawaii - Mailing Addresas: P.O. Box 2355. Honolulu, Hawai 96804

March 15, 1978

Mr. Richard L. 0'Connell, Director
Office of Environmental Quality Control
State of Hawaii

550 Halekauwila Street, Room 301 -
Honolulu, Hawaii 96813

Dear Mr. 0'Connell:
Re: EIS, Hawaii Geothermal Research Station

Thank you for your memorandum dated February 22, 1978, commenting
on the subject E.I.S. I reply in the order of the points raised in your
memo.

1. General format. The detailed.description of the Yesearch
station facility and its hardware has been redone and, as you
suggested, moved from the appendix to be Part 3 of the body
of the £.1.S5. A new Part 2 will more explicitly distinguish
the immediate and longer-term aspects:of the project.

2. Project description. That same Part 3 (the former appendix),
together with the Plot Plan (Figure 11), explains that electri-
city will be produced by directing the geothermal steam into
a turbine to run a conventional generator. The electricity
generated will be fed into HELCO's islandwide transmission
system. In view of the project's research and development
objectives, the “ultimate population" served by the project
is the general population of the State of Hawaii.

3. Air emissions, effect on wildlife population. At page 18 it
15 stated that "there 3s no reason to assume that HGP-A itself
has any negative emission features beyond nuisance value Hgs
and noise....." On page 22, it says "..... it is conclude
that any impact of geothermal drilling on the limited birdlife
[Bnd that is the wildlife of the area around the project sita)
of the area adjacent to the site has-not been significant."
Since the latter statement may be read to be limited to the
mere drilling of the well and not its operation, it will be

reworded to be more comprehensive.
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Mr. Richard L. Q'Connell

Page 2

March 15,
4.
5‘
6.

1978

Noise levels. The level at the roadside adjacent to the site

has been measured at 80 decibels. With the generator in place,

it shouid fall far below that, to about 40260 decibels. As
stated on page 8 of the E.I.S. draft, there are only a dozen
houses within a mile of the project, so the number of people
affected by the noise would be fewer than 50--probably much fewer,
if the muffling effect of harnessing the well to a generator is

as expected. To give a more precise answer as to decibel level
and the number of auditors affacted (8?7 207), the engineers

refuse to be pushed. However, the project directors are sensitive
to this issue and have repeatedly promised that the project will
not be allowed to be a public nuisance, and we are responsibie,

in a rather direct line, to the Governor and the Mayor of the
County of Hawaii.

Page 41. "..... the environmental impact is not great.” This
oftending statement has been reworded to read: "Because the
Hawaii Geothermal Project consists of a single production well
on a 4-acre site lTocated in a relatively remote area recently
subjected to a lava flow, its impact on the environment is
lTimited. Studies summarized tn Part 4 showed that emissions
from the well would not harm the human population, the flora
or fauna. However, as the ensuing discussion also revealed,
some adverse effects of lesser gravity (noise and smell) must
be taken into account and mitigated.™ -

Blowouts. In response to your suggestion, the statement on page
as been redrafted to read:

"Danger from blowout. An operating hazard during drilling is

the possibility of an uncontrolled release of the highly pressured
geothermal fluid. Consequently, the present well was equipped
with a blowout preventer, a heavy-duty device which automatically
chokes off the well in the event. of a failure. If a reinjection
well is used, the same precaution will be taken during the
drilling.

“The existing well has been strongly reinforced down to 1,000
feet, giving it a strength deemed capable of withstanding heavy
shock or pressure. As notad in Part 4, during the drilling of
HGP-A, an earthquake of 7.2 Richter-scale magnitude was
experienced in the area and the bore was not affected. As to
internal stress on the well and its fittings, they are designed
to withstand pressures up to 1,000 p.s.i., more than double

the wellhead pressures at HGP-A recorded to date.”
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Mr. Richard L. 0'Connell
Page 3
March 15, 1978

I might add that in the considered opinion of the engineers asso-
ciated with the project, the operating well is not structurally hazardous,
even in the event of earthquakes, and incorporates in its design

experience from other geothermal areas, notably California and New Zealand.

7. Who approves an E.I.S. The statement on page 59 has been
corrected to say the E.I.S. must be accepted "by the Governor
or his authorized representative.”

Thank you for your comments, which have improved the document in
many ways.

Sincerely,

Hideto Kono

HK/ Tk _ .
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University of Hawaii at Manoa

- Eavironmental Center:
Crawiord 317 » 2550 Campus Road

Hoenolulu, Hawaii 95822

—. Telephone (808) 948-7361

Office of the Disector . _ February 23, 1978

RE:0242
Mr. Richard Q'Connell
Director ‘
T Office of Environmental Quality Control
550 Halekauwila® Street, Room 301
Honolulu, Hawnaii 96813

Dear Mr. Q'Connell:

Review of EIS for the Hawaii Geothermal Research Station
: Utilizing the HGP-A Well at Puna, Hawaii

Because of limitations in time and available staff due to legislative
responsibilities, we wereunable to circulate this EIS for our usual broad
review. The following members of the University community have assisted in
the preparation of this review: Barbara Vogt, Pacific Urban Studies Planning
s Program; Michael MacNaulty, Civil Engineering Department; and Darro Thuet -

[ and Jacquelin N. Miller, Environmental Center.

- We have found this document to be one of the most comprehensive, concise,
; and well-written EIS's we have reviewed over the past four years. The frequent
use of footnotes with references to supporting documents, acknowledgement of
"individuals, and the studies performed in connection with the project, are
particularly helpful in evaluating the conclusions presented in the document.

We would appreciate your consideration of the following questions and suggestions
in the final EIS. ' '

{

I I

Perhaps our major comment'concerns the general organization of the material
presented. In our opinion, the description of the facilities proposed, which is
included as Appendix A, would have been more properly located at the beginning
to of the EIS. There is very little mention in the major text of the EIS of the
various structures that will be required for the project. A reviewer is not ,

- aware of the total picture until reading the Appendix.

)

- Page 8a, b; Page 11. It would be helpful if the location of the pfbject site
n -were indicated on Figures 2, 3 and 9. For those not familiar with the

. general location of the site, it is somewhat difficult to work backwards
— " from Figure 4 (Page 8e). o : : .




Richard O'Connell ' -2 - February 23, 1978

Page 12. e were pleased to note the planned monitoring of the existing water
wells for changes in chemistry or microbiology which may accompany the
test flows. We would suggest that monitoring for sulfur is essential
to track possible leachates from the holding ponds.

Pages 22-24. We were pleased to mote the recognition and recommendation for
protection of the Kapoho petroglyphs.

Page 41. With regard to the disposal of effluents and waste water, reference
is made to the presence of undissclved minerals as a potentially dangerous
nuisance. Should this reference include also dissolved minerals? Because
of the depth and distances involved, it seems rather unlikely that the
effluent will percolate through the underlying strata into the gecthermal

. reservoir below.. Is this statement based on the drilling logs?. We would
assume that the effluent would tend to be lost to the basal water and sea.
A schematic of the underlying geological structure of the drilling site
and holding ponds would be helpful in visualizing the probable path of
effluent flow from the holding ponds. :

Page 42. With regard'to thé visual impact of the project, we are particularly
concerned with the height of the cooling towers. We note in Appendix A,
pg. A-7, that two designs are being considered, one 60.5'x29'x18" high
and another with a 36' square base and a height of 53'. From the aesthetic
standpoint, we would strongly recommend' the lower, 18' high design. Trees
and shrubs could largely hide the 18' tower whereas the aesthetic impact

.of the 53' tower would be essentially impossible to mitigate by landscaping.

Page 46. The approach used in the Social Benefits and Costs section is good.
: We note particularly the attempt to envision and address the possible
future impacts of geothermal power.

Page 48. In connection with potentiaf uses of geothermal energy, a discussion
. of the currently proposed manganese nodule processing operations should
be included. '

We appreciate the opportunity to have reviéwed this excellent EIS and your
consideration of our comments.

Yours truly,

(:z 22 e-,://;'f

Doak C. Cox
Director
"DCC:omb

cc: Barbara Vogt, Pacific Urban Studies Planning Program
Michael MacNaulty, Civil Engineering Department
Darro Thuet, Environmental Center
Jacquelin N. Miller, Environmental Center



GEORGE R. ARIYOSHI
Covernar

DEPARTMENT OF PLANNING HIBETO e
AND ECONOMIC DEVELOPMENT FRANK SKRIVANEK

Kamamalu Building. 250 South King $t.. Honolulu, Hawaii « Mailing Address; P.0. Box 2359, Honolulu. Hawaii 96304

March 15, 1978

e Dr. Doak C. Cox, Director
Environmental Center - University of Hawaii
; 2550 Campus Road
P Crawford 317
; Honolulu, Hawaii 96822

Dear Dr. Cox:

' Re: EIS, Hawaii Geothermal Research Station

- Your praise for the E.I.S. on the Geothermal Research Station is

L most welcome. We did think it necessary to address the 1ikely consequences

of success at the Station in stimulating geothermal development, and are
L pleased that you and your colleagues share this view.

B

: ~ As to your specific comments, first, as your letter suggests, the
P * contents of the appendix will be shifted to be part of the main text.
o Second, we will have the project site located on the figures where this
- location is lacking, if the.insertion will fit in the detail. Moving the
figures in the appendix forward into the text should make inter-figure
comparisons easier.

; - (Treating together your comments on pages 12 and 41). The mode of
discharging effluents and waste water is and will be a matter of continuing
| concern to the project. As noted in the project design, holding ponds are
planned. The geology of the region is not well enough known to dispute
—~ your assumption that some of the effluent may go into the basal water and
i thence to the sea. However, the rate of discharge, 60 to 100 galions per
- minute, is so small that the geologists consulted felt this to be miniscule
in an area which receives about 125 inches of rain per year. In a word,
the dilution would be so great that it could not be perceived in the water
supply. And that was the result of analyses reported by the Chief Sani-
tarian, Hawaii District, to the District Health Officer on May 12, 1977,
! which showed no detectable H,S, sulfate, arsenic, or mercury, only one-
- half mile from the wellhead. However, given the uncertainties of the under-
1ying water regime, the E.I.S. will indicate the possibility you raise and
e this response.

(Referring to page 42). The height of the cooling tower is a matter
- of concern to the project. In balancing efficiency of design versus visual
| impact, full consideration will be given to esthetics and the shorter

P tower used if at all possible.
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Dr. Doak C. fox
Page 2
March 15, 1978

(As to page 48). We will use your good suggestion and note the
possible application of geothermal energy to a manganese nodule processing
plant. That is another environmental story, however, and so we will only
mention it and leave its analysis to a different E.I.S.

We will send you a copy of the revised E.I.S. so that you can see
the changes that have been made to it.

Thank you for your positive and most helpful response.

Sincerely,

Hideto Kono

HK/ 1k

- ¢c: Office of Environmental Quality Control
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Water Resources Research Center
January 26, 1978

office of Environmental Quality Control
550 Halekauwlila Street : :
Room 301

Honolulu, Hawaii 96813

Gentlemen:

SUBJECT: Review of EIS for Hawaii GCeothermal Research
Station

The woxrk on the HGP-A .well has been principally a University
of Hawaiil project including involvement of perscnnel from this
office. Thus we considexr it inappropriate to comment on the EIS.
However, we will retain. the document. for our information and files.

Sincerely,

Reginald H. F. Young
asst. Director, WRRC

RHFY:jm .

ce: DPED ‘\/
Env. Center

2540 Dole Strest - Honoluln, Hawall 96822

XT] .
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February 23, 197G

r. Reginald H. F. Young

Assistant Director, Water Resources
Research Center

University of Hawaii

2540 Dole Street

Honolulu, Hawa{i 96322

Dear Mr., Young:
Subject: Review of Environmental Impact Statement for Hawaii

Geothermal Research Station Utilizing the HGP-A
Well in the Puna District, Island of Hawafif

Thank you for your review of the EIS for the proposed Hawaii Geo-
thermal Research Station Utilizing the HEP-A Well in the Puna District,
Island of Hawaii. The revised EIS 1s presently in preparation and will
be avaflable through the Office of Environmental Quality Control.

Sincerely,

Hideto Kono

HK/ 1k
ce: QEQC
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HERBERT T. MATAYOSHI
Mayor

EOWARD X. HARADA
Chuef Enginear

DEPARTMENT OF PUBLIC WORKS iy Chtfagae

COUNTY OF HAWAI » 25 AUPUNI STREET - HILO, HAWAI 95720 - TELEPHONE (808} 961-8321

January 30, 1978

Dr. Albert O. Y. Tom, Chairman

Office of Eanvironmental Quality Control
550 Halekauwila Street, Room 301
Honolulu, HI 96813

SUBJECT: ENVIRONMERTAL IMPACT STATEMENT ’
HAWAIY GEOTHERMAL RESEARCH STATION UTILIZING THE B
HGP-A-WELL AT PUNA, HAWAII

Thank you for the cpportunity to review the subject E.I.S.

This department has no comments to offer except minor corrections noted In
red on the paper clipped pages 8, 9, 21 and 62.

Page 8 - there are many homes in the Nanawale Estate and Hawaiian Shores

and Beaches subdivisions which have County dedicated roads, Pages 9 and 21 -
to the west of the well site lies Leilani Estate subdivision and the land is
not in productive sugar cane, :

Section 8-3, page 62 should be revised to read "Construction of the structure
comprising the facility will require permit approval from the Department of
Public Works, County of Hawaii".

1. Building, plumbing and electrical permits from the Bureau of Building
Construction and Inspection. )

2. GCrading permit for site development from the Bureau of Plans and Survéys.

3. The Planning Department will also review the building plans for conformance
to codes within its jurisdiction as part of the permit application review
procedure, )

The other comments are primarily typographical.

marked up doc t is being returned attached.
4 - . .
£ 4&/\—0514%%

EDWARD HARADA-Chief Engineer
Attach,

cc: Mayor.
Planning Department
Research & Development Department
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2. ENVIROMMENTAL SETTING: THE DISTRICT OF PUNA PRIOCR TO GEOTHERMAL D"VELOPWEVT
I3

A. The physical environment generally.£/ ;93“5

The Puna District, site of the explozatory geothermal well, is the i

gasternmost projection of the Island of Hawaii, comprising approximately one=

R
volcanic uplands, that of Kilauea to the north and that of Kalapana te the south,.
/" e

- e

but between, running from the Kilauea Caldera Complex eastward to the sea arouznd

eighth of its 4,038 square wiles, Much of t?%\nlstric: is formed by undissected . 7

Cape Kumukahi, is the Puna cone and crater area, marked by Bglgi and craters of
racent eruptions, sotably that of 1955. Figures 2 and 3 show the historic lava
flows on the Island of Hawail and in east Puna.

With an estimated nid-1976 populaticu of 7,800, Puna is the sacond most
populous of the nine districts of the 3ig Island ~- some distancs behiad Soutb
HEilo District, where apuroximately 40 Q00 people lzve. The basis of comparison ;
i{s made clearexr by, noting that omnly two Meouns™- in Puna, Kea'au a;d Pahoa,
contain as many as == and not much more than -= 2 thousand people; Most of the l

residents of Puna live mnear tha chief enterprise of the area, the FPuna Sugar

Company, or in widely spaced clusters of houses alon%J:he coast. Only a few
ne T AN R

. ..--- .-,.'...‘ - .1--— .""""3‘

"’%@-—2 a/ g /n-o‘ﬂn7 émﬂ--S' ;a 7/46 /de.[w‘/-@ g:z‘%a

Ma/ S srsriay S/ar-e_s- ard B
toches sudd/v E
’“441194{ /é~‘&'11 C:;dtbrfa ‘y<41/; ‘>¢jéba( 44;d(5 ”’é"‘xkj' .:jg i

organic soils, which commonly occur cu SBULU&A»G;AJ Jo— - ap @
stretching across the west cantral part of the District -- to the west of the
well site -~ 1is an area of entisols, weakly developed soils found ou old beach ;s

sand and volecanic ash. On this 1and has developed an area of mazrked enviroumental

coptrast: there is fertile soil and lush vegetation over the lower-lying f£ields,

1/ Much of this section is derived from a report of rhe Hawaii Geothermal :
Ptoject Envirommental Baseline study for Geothermal Develooment in Puna, Hawaii, f
(Vaiversity of Hawail, Septewmber 1978).

Tl \\
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while the geologically younger upper slopes are dotted with ohias, which are the
most common and most widely distributed species of native trees in Hawaii,
Despite abundant rainfall, much of the area around the geothermal site, where
recent lava flows have blackened the land, is a suburban wilderness of empty

subdivisions., In a few places, thin plumes of steam mark vents where the under-
pozTe ar

ground heat of the area escapes in:a the atmosphere, To theAeast however, lies v.:q
4 AR

s ——

one of the major papaya areas of the State, and to the west are productive sugar‘\

e e e e —— ————— [ T P — e e m——

’!landgi Along the coast, tha ocean beats against black lava cliffs., Where thare

o ——— g

s=wdeaad he the exnlosion of hot lava

K e

% //4 W;S% rs 4-6'401' &2‘7& 5‘65/0/1’/::6;'?
¢ C:4:=4L- }46-ﬁ;¢L.=nr- :ilﬂgz;;&_ J’?: )

P
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of a disabling earthquaka, over the decades that a geothermal field may Temain

in operation, Howevar, :he vulnerability of a geothermal field to sucg destruc-
tive forces is mot total., While any surface ins:allations'-- the gathering

iines, separa:oré, condensers, genarators, etc. =-- may be destroyed by quakes

or by flows which are not divertad (as by protective dikes), the walls themselves
a:& not necessarily so vulnerxable, Az earthquaks of 7.2 Richter-scale magnituda
was exparienced as HGP-A was being drilled and scarcely affectad the operation,

so stable was the bore. Since lava flows seldom exceed 15 feet in depth, the well-
head could be protacted by a reinfcrced';é;;é;.:;semenc; even 1f a wall size

should be inmundated with lava, as loug as the wellhead was cleaxly marked it

could be opened up again in several years, after the lava cooled.

——— -




[}

I

Lo

R

z?iéIZs”:o ;Eéj;ésaudaéwggp papaya farms to the#east of the site support the

(i) Animals, particularly birds

The region of Puma avound the geothermal well site, limited as it is

~t

e o e e
in matural food sources for mammals, is not rich in fauna, The _sugar cane .~
- --'-"——-——.. .
. Mg o

.-
rats which are found on all eight ‘main islands of Hawaii. The mongoose is also
well established locally, On the slopes of the mountains of the Big Island
feral goats are at once quarry for hunters and problems for those who would
preserve the'ecosystem, But thy do not come to this section of Puna,

The only valued animals which might be disturﬁed or conceivably
threatened by geothermal development in the District are birds, There are on
the Island of Hawaii several species of_iudigenous or endangered spacies, and
it was necessary to study the area arcund the well site to ensure that nona of
hesa species were adversely affected by the geothermal exploration. Consequently,
the environmental assessment was limited to birdlife which might feed or breed
in the area of Puna near the well site.*

Field observations in February 1976 were concentrated om looking for
the two'species of endemic land birds which might be expected at the low eleva-

tion (approximately 600 feet above sea level) of the drill site, These are the

\Hawaiian hawk (Buteo sclitarius), which is classified as "para and endangerad,'

and tha Hawailan short-eared owl, or pueo (Asioc flammeus sandwichensis). No

evidence of either was found -- perhaps because most of the native vegetation

in the area has besn replaced by exotic plaats -- but of course it is possible
that at times both species may occur in the ganeral area. The hawk, in particular,
is a wide-ranging species. Ihis; however, is speculative, since no evidence was

found.

# Tha assessment was made by Andrew J. Berger, Chairman of the Zoology '
Department, University of Hawaii at Manoa.

2]~
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3. LIS:.I.' OF NECESSARY APPROVALS
Construction of 2 research/demonstration facility for geothermal energy
at the HGP-A well site requires the following governmental approvals or
scrutiny:
1. The Federal Department of Energy must approve the project, since
it is financing most of the costs, and will prepare its own environmental
impact statement to comply with the Natiomal Envirommental Quality Control Law,
2. The Planning Commission of the County of Hawaii has been askad
Lo grant a special use permit, since the land involved is zoned agricultural,
The permit is subject to approval by the State Land Use Commission.
.3. Construction of the scructure comprising the facility will require

f;(-r B - -

approval by the Building Department of the Hawaii County Department of Publie

b

Works before the necessary building permit is issued,

el ?/L/.UIJ P
W !

P ST I Qe

4. Operation of the well will be subject to tha ruleo.and ‘Tegulations -

governing geothermal well operations, now under comsideratiocn by cthe Board of .
Land and Natural Resources. -

5. The State Department of Public Health is responsible for checking
on alr and water pollutiom which might be caused by the project, not only from
the operation of the geothermal well, but from sewage disposal om the site;

public health regulations must be met.

-

£

RN B




e e L T e - R, w3 L

IO S WU S Y B

L1

1

S, |

——m

GEQRGE R. ARIYQSHI

Covetnor

DEPARTMENT OF PLANNING DRI o
AND ECONOMIC DEVELOPMENT FRANK SKAIVANEK

March 15, 1978

Mr. Edward Harada, Chief Engineer
Department of Public Works

County of Hawaii

25 Aupuni Street

Hilo, Hawaii 96720

Dear Mr. Harada:
Re: EIS, Hawaii Geothermal Research Station
Thank you for your recent letter commeﬁting on the E.I.S. for the
Hawaii Geothermal Project at Puna. It has been most helpful. As a
consequence of what you have written, these changes are being made in
the Statement:

1. To note the proxiﬁity to the project site of subdivisions
with County-dedicated roads. (However, the references to
the sugar lands further to the west are retained because of
their environmental and economic importance.)

2. To say, on page 62, that construction of the facility "will
require approval by the Department of Public Works, County
of Hawaii, before the necessary permits are issued.”

Thank you for your comments on the draft.

Sincerely,

oL
(L_‘_,,/”r—ﬁideto Kono
HK/ Tk

cc: Offica of Environmental Quality Control

Kamamalu Building. 250 South King St. Honolulu. Hawaii + Mailing Address: P.Q. Box 2359. Honalulu. Hawaii 96804
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- CLARENCE W. GARCIA

|'.\-3
DEPARTMENT OF RESEARCH AND DEVELOPMENT- o -

-—d':" " COUNTY OF HAWAL o 25 AUPUNI STREST o AIL0, HAWAU 95720 » TELZPHONE (808) 361-336§"

SEP | 5. 1977

September 14, 1977

Mr. Hideto Kono, Director
Department of Planning and
Economic Development

P, 0. Box 2358
Honolulu, EI 96804

. ENVIRONMENTAL IMPACT STATEMENT PREPARATION NOTICE FOR THE

GEOTHERMAL, RESEARCHE FACILITY PROJECT AT PUNA, HAWAIIL

Thank you for the opportunity to review the abovementioned
subject matter. We share the enthusiasm of DPED and the
University as to the potential positive benefits of utilizing
BGP-A for practical and scientific power production.

We await t£he submission of the EIS and will reserve comments
until that time.

-

DIRECTOR

MI:ef

P
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© AN EQUAL OPPORTUNITY EMPLOYER

University of Hawaii at Manoa

Hawaii Geothermal Project

MEMORANDUM November 22, 1977

Clarence W, Garcia, Director
Department of Research and Development
County of Hawaii

25 Aupuni Street,

Hilo, HI 96720

Re: E, 1.8, for Ceothermal Research Facility at Puna
Dear Mr. Garcia:

Since the E, LS. process includes acknowledging and taking into account
responses made to the preparation notice, . Kono referred to me, a3 well as
to his staff, your letter of September 14, 1977.

I trust that the E.I.S, will meet with your satisfaction. All who have
worked on the project have been heartened by the enthusiasm of the County of

Hawaii for utilizing the new resource represented by geothermal reservoirs.

With best regards,

Grpdrar
RO M, KAMI
Consultant

RMK:ny

ce: Department of Planning and Economic Development

amiLe T W VTA Eod
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DEPARTMENT OF RESEARCH AND DEVELOPMENT e e
EORNDA DY HawmIL D78

Office of Environmental Quality Control
550 Falekauwila Ctraet

Room 391

Fonolulu, HI 26813

QUBJECT: Environmental Impact Statement for the Zawaii Geothermal
Tesmarch Station Utilizing tne =Gp-2 Well at Puna, Island
of Fawaii

Thank you for this opportunity to review and comment on the akove-
mentioned subject. We offer the following comments:

1. The research facility, as proposed, will address itself to
+he issues relative to the development and utilization of
geothermal resources. It should he noted that geothermal
resources represent a potential which could prove. to be
beneficial to the Pig Island community. Determinations
must ke made to effectively measure the costs (social,
econonmic, envirommental, etc.) of such development anéd the
various related benefits.

2. Dxperience in dealing with the geothermal project has shown
that much of the problems encountered with the residents of
the Puna District and its attendant negative publicity, could
have been alleviated by effective communications. We there-
fore suggest that a condition be made as part and parcel of
ke issuance of the S.P. that a general education program be
initiated to keep the public informed about the project.

3. As pointed out in the LIS, E3S smell and noise from the well
will be limited as much as cracticable in the installation
of the generator by utilizing scrubbers. The project leaders
should work closely with State Department of Health cfficials
in monitoring smell and noise standards to assure health

and safety standards.

= ac - ~——
A A W 9‘-5.‘*;\.&.@..&-!*.;

CLARENCE W. GARCIA
DIRECTOR

CLW:sk

~ c¢c: DPED

e 258 AUPUNI STREET @ HILO, HAWAII 96720 @ TELEPHONE (808) 961-8366
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GEQRAGE A. ARIYOSHI
Covernor

DEPARTMENT OF PLANNING HOETO KNS
AND ECONOMIC DEVELOPMENT FRANK SKAIVANEK

Kamamalu Building. 250 South King Si.. Honalulu, Hawaii » Matling Address. P.0. Box 2359. Honclulu, Hawaii 96804

March 15, 1978

Mr. Clarence W. Garcia, Director
Department of Research and Development
County of Hawaii

25 Aupuni Street

Hilo, Hawaii 96720

Dear Mr. Garcia:
Re: EIS, Hawaii Geothermal Research Station

Thank you for your February 14, 1978, letter to the Office of
Environmental Quality Control, relative to the E.I.S. on the geothermal
research project. I reply in the order of your paragraphs.

1. It is certainly true that the various costs of geothermal
development, and its benefits, should be estimated as that
development proceeds. The E.I.S. attempts to do that in
a qualitative manner, pointing out the nature of these
costs and benefits. A quantitative estimation must await
a determination of the actual size of the resource and
indications of the applications which are Tikely to be made.

2. The establishment of a visitor information facility has now
been decided on and is therefore incorporated in the re-draft
of the E.I.S. The facility can help fill the public infor-
mation function which, as you point out, needs attention.
Further to this end, information bulletins will be prepared
and distributed among the public as the project proceeds.

3. It is indeed the intention of the project to work closely with
the State Department of Health in monitoring the project to
assure it meets health and safety standards.

Hideto Kono

HK/1k
cc: Office of Environmental Quality Control
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COPY

2 3 3TX 1220 . HILD, HAWALL 36720 N 25 AUPUNI STREET

February 2, 1978

Office of Environmental
luality Control

550 Halekauwila St., Rm. 301

Honolulu, HI 963813

ENVIRONMENTAL IMPACT STATEMENT

JHAWATT GEOTHERMAL RESEARCH STATION

UTILIZING THE HGP-A WELL AT PUMA

As you had requested, we reviewed the subject Environmental Impact
Statement and our comments are: .

1. On page 10, first paragraph, it is stated that the water supply
for Pahoa is pumped in from South Hilo. This is not true. Pahoa
has its own water system wnich is fed from the basal aquifer;
Tikewise, with the Kalapana and Qlaa systems.

2. Will the geothermal project have any affect on the basal ground
water? ’

Thank you for allowing us to comment on this EIS. Since we consume a
sizabla amount of power, we are naturally interested in any alternate
enerqy source.

Akira Fujimoto
Manager

WHS
yd

cc < Planning and Economic Development

ces ,L'Uafer ém'ugd progress. ..

DEPARTMENT OF WATER SUPPLY e COUNTY OF HAWAIl
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Sz, N\ DEPARTMENT OF PLANNING HoETo o0
) AND ECONOMIC DEVELOPMENT

Kamamalu Building, 250 South King St. Honotuiu, Hawaii * Mailing Address: P.Q. Box 2353, Honoluly, Hawaii 96304

March 15, 1978

Mr. Akira Fujimoto, Manager
Department of Water Supply
County of Hawaii

25 Aupuni Street

Hilo, Hawaii 96720

Dear Mr. Fujimoto:
Re: EIS, Hawaii Geothermal Research Station

'Your recent letter to the O0ffice of Environmental Quality Control
concerning the E.I.S. for the Hawaii Geothermal Project has been reterred
to this Department for reply and I am responding to the two points you
raised.

1. The final copy will be corrected to show that Pahoa has its
: own water system. Thank you for catching this error. .

2. The project will have no effect on the basal groundwater under
either mode of disposing of the effluent water, i.e., by
reinjecting it or by pumping it to a drainfield. In either
case, the effluent would be directed back into the geothermal
reservoir. As noted on page 41 of the draft report--quoting
the conclusions of Harold T. Stearns in his report of
April 4, 1977, on the Geothermal Well Field in the Puna
District, Hawaii--there is no potable fresh water lens in
the vicinity of the well. Geologists connected with the
project are confident that either the reinjection or
filtration mode should offer no hazard to basal groundwater
outside the geothermal reserveoir.

Sincerely,

Hideto Kono

HK/Tk
cc: Office of Environmental Quality Control
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PLANNING DEPARTMENT

25 AUPUNI STREET . HILO, HAWAILI 668720
. Mayor

COUNTY OF ) SIDNEY M. FUKE
HAWAII ' Directae

: DUANE KANUHA
Depusy Director

Mr.

September 7, 1977

Hideto Xono, Director

Department of Planning &

Economic Development
P.O. Box 2359
Honolulu, HI 56804

Dear Mr.

Rono:

Geothermal Research Facility Project
Environmental Impact Statement (EIS)
Preparation Notice
TMK: 1-4-01:2 por.

Thank you for the opportunity to review the above EIS Pre-
paration Notice. We have the following comments to offer:

1.

The EIS should discuss the State Land Use Classifi-
cation and County Zoning., This discussion should
2lso include the need to obtain a Special Permit
from the State Land Use Commission.

The Environmental Setting section should include
the data and discussion presented by the HGP re-
Search team's publications. Much of the data has
been quantified in these reports.

The chief impacts presented by %his Preparation
Notice are visual, HyS and noise. As there are
existing geothermal steam supplied slectrical
generating plants in other parts of the world, we
should perhaps loock to +these plants for methaods
in coping with these as well as other "problems”.
The EIS should present such discussion.

The discussion of Alternative Sites appears to
limit the placement of the demons<ration facility
to the well site. The Geysers development in
California operates without such a limitation.
More discussion in this area appears to be
required. ‘

.
4
.

HERBERT T. MATAYOSHI ~ ~° ~
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Mr. Hideto Kono

September 7, 1977

We hope these comments will aigd you in pPreparing the EIS.
We look forward to reviewing the completed document,

RN :mmk

' ee:  Mayor:

Chief Engineer
Rs&D

(51ncerely,

/(’ '(
Vo
SIDNEY FUKE
Dlrector

e it
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University of Hawaii at Manoa

Hawaii Geothermal Project

MEMORANDUM November 22, 1977

Mr. Sidney M. Fuke, Director
Planning Department

County of Hawaii

25 Aupuni Street

Hile, HI 96720

Re: E,I.S. for Geothermal Research Facility at Puna
Dear Mr. Fuke:

Mr. Kono has referred to me your letter of September 7, 1977, commenting
on the E.I.S. preparation notice for the Geothermal Research and Development
Facility in Puna, so that I might have the benefit of what you have pointed
out in writing the E,I.S, proper. I respond in the order of your comments, !

1. The controls over geothermal development placed by State land use
classification and County zoning are discussed in Part 7 of the E.I.S.

2. The portion of the E,I.S,dealing with the environmental setting does
indeed include data and discussion from the Hawaii Geothermal Project's earlier
research. Both baseline data (showing conditions of the air, groundwater,
soil, etc,) for the period before HGP-A was drilled and tested, and post-testing
observations are included in Parts 2 and 3,

3. The persons directing and preparing the specifications for the new
facility are familiar with the experience at The Geysers and other major geo-
thermal fields in dealing with visual, noise and odor problems and are utilizing
this experience to minimize problems at Kapoho. Some of the resulting detail --
for example, in the specifications for scrubbers to remove most of the H,S --
is presented in the text and appendix of the E,I.S., but it was not feas%ble,
in what is essentially a non-technical report, to discuss impact-abatement
techniques in great detail. However, if you-would like additiomal detail, T
will ask the project engineers to provide it,

4, Considerations of both efficiency and environmental protection dictated -
locating the research/demonstration unit on the well site. Were it placed at
any distance, conveyor pipes would be required to bring the hot fluid to the
generator and associated facilities; the cost of a long piping is a reduction
in temperature which directly affects the productivity of the generator., It
was algo taken to be an advantage that piping, and therefore the area of land
surface affected by the project, would be kept to a minimum by constructing the
research/demonstration unit at the wellhead itself.

Should a geothermal field develop as a result of this tasting, then these
considerations would vanish or become much less important. There would be

™
AN EQUAL OPPORTUNITY EMPLOYER
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Mr. Sidney M. Fuke, Director

County of Hawaii Planning Department
November 22, 1977

Page 2

collecting pipes running across the field, and generating stations and other
utilization points could be located according to eriteria, other than proximity.
However, for the single-well research/demonstration facility, proximity seems
to be the best criterion for siting.
Thank you for your helpful comments.
Sincerely,
h .
ROBERT M, KAMINS
Consultant

RMKiny

cc: Department of Planning and Economic Development



PLANNING DEPARTMENT

: 25 AUPUNI STREET « HILO, HAWAII 98720 HERBERTT. MATAYOSHI

Fa Mayor
COUNTY OF : SIDNE

NEY M. FUKE

HAWAIIL Direcirar

DUANE KANUHA

Deputy Director

February 21, 1978

Office of Environmental Quality Control
550 Halekauwila St. :

Room 301
Honolulu, HEI 96813

GCentlemen:

praft Environmental Impact Statement
"gawaii Geothermal Research Station Utilizing

R | P T

- +he HGP~A Well at Puna, Hawail

We have reviewed the subject draft EIS and have the following

_general comments to offer:

1. There is no description of the project which the draft
EIS is addressing. As a result, the conclusions drawn
in the statement are confusing. It is our understanding
that the draft EIS is for a specific project, namely,
the establishment of the Hawaii Geothermal Research
Station which includes equipment and facilities related
to the extraction of geothermal fluids from the HGP-A
well and a return system; an experimental power plant;
administrative facilities; and an R&D facility, con-
sisting primarily of three test pads and related piping.
This is the same project for which the Department of
Planning and Economic Development has submitted a

Special Permit.

2. The draft EIS addresses the potential impact of geothermal
research in general, rather than the specific project.
This may be misleading in that, for instance, flow tests

\/ will be conducted prior to the installation of appropriate

abatement controls for noise and hydrogen sulfide.

3. More of the findings of the research upon which the draft
EIS is based should be included. We note, for example,
that reference to archaeological sites is made on a
district-wide basis rather than on a site-specific survey.
Use of the general information for such a specific area
may be incorrect. In addition to archaeological informa-
tion, this observation applies to other areas discussed.
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4. The draft EIS does not discuss the various land use
classifications, such as the gtate Land Use District
and County zoning. As Wwe stated in our comments on the
preparation notice, these should be included. :

5. We find that many concerns expressed by various agencies
in response to the preparation notice have been included
as an appendixed response to the agencies, rather than
being included.in the body of the EIS draft. Many of the
comments should be discussed in the body of the document.

6. No Appendix B is included, although reference to it is
made.

7. It is stated that the County General Plan "makes no mention
of the then-undiscovered new energy source". The author
is directed to pages 9 and 10 of the General Plan regarding
scientific research. '

We have also found many discrepancies in the references and
conclusions made in the document, particularly as they relate to
domestic water supply; population, both existing and potential;
housing; and employment_generated. some of these areas have been
noted by other agencies.

If the above-cited points could be addressed more explicitly,
especially in terms of the proposed action, we believe that the
draft EIS could be much improved and the environmental impact, both
short- and long-term could be more objectively assessed.

Thank you for the opportunity to review the draft EIS. If we
can be of assistance or clarify our comments, please feel free to

call on us.

'nge ely,

<3

DNEY FUKE
Director

IP :mmk
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GEORGE R. ARIYOSHI

Covernor

DEPARTMENT OF PLANNING HIAETO B
AND ECONOMIC DEVELOPMENT | FRANK SKRIVANEK

Kamamaiu Building, 250 South King St.. Honoluly. Hawail + Mailing Agdress; P.O. Box 2353, Honolulu, Hawail 96804

March 15, 1978

Mr. Sidney Fuke, Director
Planning Department
County of Hawaii

25 Aupuni Street

Hilo, Hawaii 96720

Dear Mr. Fuke:
Re: EIS, Hawaii Geothermal Research Station

Your recent letter commenting on the subject E.I.S. has been consi-
dered most carefully. The first two points raised seem to be questions
of emphasis or focus in the presentation. Considering that this is a
research and demonstration project, we took our responsibility to inciude
the impact of the results intended by the project, which is to stimulate
geothermal development on the Big Island. Therefore, it seemed not only
appropriate but necessary to consider the effects--not only of this small
installation--but of the geothermal field development which we hope will
follow. That is why so much emphasis is given to possible effects on the
Puna District, and not merely the immediate vicinity of HGP-A.

However, we readily agree that the larger questions should not
obscure discussion of immediate impacts. Therefore, the E.I.S. is being
redrafted in part to do these things:

a. Distinguish between the R&D project (the immediate subject
of the E.I.S.) and what may grow out of it (long-range impacts).

b. Present in the main body of the Statement, instead of in the
Appendix, a detajled description of the Station's facilities
and the stages of construction. '

c. Emphasize more sharply the findings of environmental affects of
the Station.

Replying to paragraph 3, some of these localized effects of the
Station itself may be found by the reader without difficulty in the dis-
cussion--purposely highly condensed from the voluminous résearch reports
produced by the University scientists--of the Puna District around HGP-A.
On archaeological sites, the example given in paragraph 1, the draft E.I.S.
says (page 23), "What few sites exist are mostly along the coast, some
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distance from likely areas of geothermal development, which are along the
rift zones inland.," And ..... ngith the exception of petroglyphs at the
Kapoho dome, none of the archaeological sites of Puna seem to be in the

path of likely geothermal development in the District."

Here, as elsewhere, the site-specific finding of environmental
factors is included in a general statement about the region. We submit
that there is a value in this presentation for it informs decision-makers
simultaneously about what is jnvolved both at the site and in the broader
area which may ultimately be affected.

Regarding paragraph 4, the draft E.I.S. discusses land use classifi-
cations as they relate to geothermal development, at page 58. However, it
did not mention the special use permit for the project now pending, and
this comment did call that omission to our attention. The final draft will
note that fact and will give the State Land Use District and County zoning
classifications (see page 3 of the revised E.I.S.).

Regarding paragraph 5, the substance of comments made by various
agencies has been included in the draft, the comments themselves and
replies placed in the appropriate part of the Report.

Regarding paragraph 6, Appendix 8 is the Bibliography, paged -B~1,
B-ag etc-

Regarding paragraph 7, the reference to the County General Plan was
perhaps too narrow, in being limited to the purpose of this project (geo-
thermal development) and not considering its means (scientific research).
We will correct it in the final draft.

We trust that you will find that the revised E.1.S. has addressed

your COncerns. We will forward a copy to you as soon as the revised document

is available.
Thank you for your reviews and comments.

Sincerely,

Hideto Kono

HK/1k .
cc: Office of Environmental Quality Control
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HAWAIIAN ELECTRIC COMPANY, INC.
Box 2750 / Henelulu, Hawaii / 96803 @

September 6, 1977

RICHARD E. BELL
MANAGELR, LNVIRONMENTAL OCPARTMENT
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Mr., Hideto XKono, Director : SEP 8. 1817
State of Hawaii | s
Department of Planning and ! o
Economic Development
P. 0. Box 2359
Honolulu, Hawaii 96804

Dear Mr. Kono:

Subject: EIS Preparation Notice for the Geothermal Research

Facility

This is in response to your request of August 30, 1977 for
comments on subject document. The paragraph number below
refer to paragraph numbers in the Preparation Notice.

Par. 3. HELCO intends to purchase up to
2 megawatts of power from the
facility if a mutually agreeable
price can be established.

HELCO intends to extend a trans-
mission line to the generator
after a mutually agreeable price
for the power has been established.

Par. 6. The project will also establish
whether or not a reliable, base
load generator can be located
satisfactorily in a volecanic
rift zone.

Par. 8c. Since the area initially was free of
man-made structures, any structure
will cause a visual impact. It seems
questionable that the cooling tower
will cause the chief visual impact.
At night, for example, a single
60 watt light will be far more
noticeable. 2n essential guestion
relates to whether the visual 1mpact
is posmtlve or negatlve -- or in this
case, is any visual intrusion negative.

THIS IS RECYCLED PAPER
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Mr. Hideto Kono,
September 6, 1977
Page 2

Par. l1l0a.

Par.’ 10b.

Par. 10c.

Director

The facility now generally produces no
noise. Thus, to maintain that when
fully developed it will cause no greater
noise than now is inaccurate. It seems
reasonable that noise will definitely be
greater in the area than before the
project started. No basis if given,
therefore, for the assertion that noise
will not be a problem. The point here
is that the adverse impact of noise

will be offset by advantages of the
project -~ if this is true, of course.

' whether or not HyS can be reduced below

+the nuisance level is problematical.

Fencing will improve the appearance of the

facility and thus may lncrease the positive
visual impact. That is, visual impact can

be either, or both, negative or positive.

Sincerely yours,

TH!S IS RECYCLED PAPER
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University of Hawaii at Manoa

Hawaii Geothermal Project

MEMORANDUM November 22, 1977

Mr. Richard E. Bell, Manager

Environmental Department

Hawailan Electric Company, Inec.

Box 2750 :
Honolulu, HI 96803 :

Dear Mr, Bell:
Your letter of September 6, 1977, to Mr. Kono commenting on the E, 1.8, pre-

paration notice for the Hawaii Geothermal Research Facility project was referred
to me as I am preparing the Statement, I reply to your comments in their order,

1. What you have said about HELCO intentions of power purchase has been
incorporated in the E,I.S.

2. The problem of working in a volcanic rift zone has been stated; thank
you for making this point, only implicit in the earlier draft, explicit, i

3. What will seem visually intrusive in the project -- the cooling tower,
fencing, or, as you suggest, a light bulb at night -- is obviously a subjective
matter, 1 gave prominence in this report to the cooling towers because they most
impressed me in visiting geothermal fields.

4, T am puzzled as to what you write about noise. It is true that the
facility now produces no noise -- when the well is closed down. It does make
noise when it is flowing. The whole point of the statement about noise in the
E.I.S. 1s that the engineers offer assurances that the noise level for the well f
hooked up to the generator will be less than what has been experienced heretofore
in test flows.

5. Similarly, with respect to H_S smells, while there is no absolute certainty
that a nuisance will be avoided, the Broject is saying, in good faith, that this
is its intention and that there is a high probability that the intention can be
carried out, .

6. As to fencing, that has been stated to be a factor which is positive,
for, again, that is the intent of the project,

Thank you for your comments and suggestiong.

Sincerely, 2

7
/(7;3;2i_ lﬁ'\v%kzdﬁ\b°ﬁl

ROBERT M, KAMINS
Consultant

RMK:ny

cc: Department of Planning and Economic Development

AR EQUAL OPPORTUNITY EMPLOYER
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HAWAIIAN ELECTRIC COMPANY, INC.
Box 2750 . Honolulu, Hawaii ' 96840
February 14, 1978

State of Hawaii

Department of Planning and Economic Dev.
Kamamalu Building ‘
250 South King Street co e L e
Honolulu, Hawaii 96813

Dear Sirs:

I am writing in response to a request from the Environmental
Quality Commission for comments on the Environmental Impact
Statement (EIS) entitled "Hawaii Geothermal Research Station
Utilizing the HGP-A Well at Puna, Hawaii." I appreciate the
opportunity to comment on this EIS since Hawaii Electric

Light Company, a subsidiary of Hawaiian Electric Company, Inc.,
is currently involved in negotiations whereby they propose to
contract for the power produced by the facility and for its
operation.

Mr. Richard Bell of Hawaiian Electric Company, Inc. submitted
comments on the EIS preparation notice for this project in
his letter dated September 6, 1977. I will not repeat the
points covered in his comments since they are addressed in
the EIS.

FIGURE 6 (p. 8e) of the EIS shows a butyl linedreservoir which
I assume is to collect the liquid wastes discharged from the
well. On page 10, the point is made that the ground water of
the Puna region is of relatively high salinity. Why then a
lined reservoir? Further on (Page 41) is a discussion of low
volume waste settling basins (unlined) and the possibility of
the use of injection wells. Obviously, no matter which system
is used, scme provision must be made to allow for cleaning
such as backwashing the wells or drying up one of several
settling basins. A butyl lining would be destroyed during
maintenance and should be avoided unless toxic materials will
enter the basins.

At this time, there are no specific Federal or State standards
governing HyS air emissions. This being the case, the use of
scrubbers (pages 25 and 42) is not necessary unless the discharge
of H3S violates the general State prohibition against air
emissions which are "... injurious to human health or welfare,
animal or plant life, or property or interferes with the enjoy-
ment of life or property" (Public Health Regulations, Department

THIS IS RECYCLED PAPER
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HAWAIIAN ELECTRID COMPANY, INC.

State of Hawaii
Department of Planning and Economic Dev.
February 14, 1978

Page 2

of Health, State of Hawaii, Chapter 43 Sections 1(b) and 5).
A human health hazard threshold of 10 ppm (26,200 ng/m3) is
given on page 42. Apparently during flashing of the well,
the concentration of H28 was less than 0.2 ppm (524 ug/m3),
well below 10 ppm. I wonder, therefore, if scrubbers are

to raising the stack height in order +o gain dispersion of
the plume.

Other more specific comments on the EIS are attached.

I appreciate the opportunity to review this EIS and wish you
the best of luck in this venture.

ours truly,
C MG

ohn C. McCain, Ph.D.
anager of Environmental Department

JCMc :cm

cc: Office of Environmental Quality Control
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SPECIFIC COMMENTS ON GEOTHERMAL RESEARCH STATION

Page 1, lst paragraph

HELCO Purchase Power - wording should be rephrased "HELCO will
purchase a net generation ocutput of up to 2 MW during light
load periods and may during heavy load periods purchase up to
5 MW at the discretion of HELCO.

Page 3, 2nd paragraph

The referenced Appendix B for the test facility should be
Appendix A.

Page 4, lst paragraph

A. Turbine generator - It has not been decided to install a
variable capacity T-G. Also, the capacity is still in
guestion.

B. HELCO purchase.power - same comments as above.

C. Federal Funding - better word is "approximately 90%" instead
of "up to 90%" of the project will be funded by the Federal

government.

D. Geothermal energy uses other than electric use - Federal Funds,
so far, are earmarked for only the wellhead generator and sub-
station/transmission facilities. Unless included in the scope
of work in the contract with DOE funds, should not be utilized
for nonelectric use of the geothermal fluid unless the County

or State finances it.

Pages 24, 25

Cooling towers - should include statements regarding the effect of
the vapor emitting from the towers, specifically the effect of
water carry-over e.g. humidity, etc.

Page 44 - Sulfur sludge disposal

Condensate - Condensate will be pumped to the cooling towers as
make-up water for the cooling water system. Only the excess
condensate will be ponded or re-injected back into the ground.
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Page 57

HELCO generation - The HGP-A Geothermal Wellhead Generator will
not affect HELCO'S generation expansion and its installation of
their next 23 MW steam unit, Hill No. 7.

Page A-3, 2nd paragragg

HELCO's Purchase Power = same comment as for page 1. Maximum load,
in this case, is 1imited by voltage fluctuation that is acceptable
by the system. Normally the distribution substations can tolerate
voltage fluctuations of up to 20%. During certain light load
periods, geothermal net generation in excess of 2 MW will yield

a voltage range exceeding this 20% limit.
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Cuovemor

DEPARTMENT OF PLANNING MOSTS Sies
AND ECONOMIC DEVELOPMENT FRANK SR AN

Kamamaluy Suilging, 25¢ South King 5t. Honoluiu. Hawaii « Mailing Acdresa: 7.0, 3ox 2358, Honolulu, rawati 36804

March 15, 1978

Or. John C. McCain, Manager
Zavironmental Oepartment
Yawaiian Zlectric Company, Inc.

- Box 2750
Honolulu, Hawaii 96340
8 Dear Or. McCain:
Re: EIS, Hawaii Geothermal Resaarch Station

e Thank you for your recent letter to the Department of Planning and
‘ Economic Davelopment in rasponse to a request for comments on the t.[.S.

- on the Hawaii Geothermal Research Station. Your comments, as thosa made

~ earlier by Mr. 8ell, are most welcome.

-~ ) The figure (at page 8e of the drafi copy) which shows 2 butyl Tined

rasarvoir depicts the project sita before installation aof the facilities
¢ required for the wellhead generator. Tne raservoir had been used to store
P - watar used in the drilling of the present well; that is why it had a
P lining--to prevent absorption into the ground. The lining is to be °
- _removed before that depression is used as a settling basin. No toxic
: matarials will be entering the basin, whether the settling basin or in-
Lo ‘ jection well technique of nandling effluents is decided on. (As notad in
P the revised dratt, this question is still open sinca the answer will denend
g in large part on the conditions imposed by the QOepartment of Energy. In

£ ajther case, there should be no danger of toxicity of effluents going back
P into the geothermal resarvoir. .No intrusion on the fresh watar supply of
: she area will occur, according to geologists who have studied the project.)
Lo .
P . As to HoS and. scrubbers, the standard voluntarily assumed Dy the
; oroject, out oF respect for the people living near the site--Tew as they
. are now--is to make the operations of the station.as inofTensive as
Yo possible. This is understood to be a commitment of the management group
neading the project. However, I am cartain that the designers are anxious
- o cut costs, to the extant compatible with our cocmmitment, and so [ have
8 passed on to them your suggestion of raising the naight of the stack o
gain greatar dispersion of the plume and providing for retrofitting the
- scrubbers, if thay are necassary. -
L
'..O
-
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Or. John C. McCain
Page 2
March 15, 1978

Your specific comments on details of the E.I.S. appended to your
Tetter are helpful in sharpening the statement and are being taken into
account in the final draft. We understand that HELCO's purchase agreement
has been recast to be a maximum of 5 MW, at the discretion of the company,
and that HELCO's expansion of generating capacity by adding another o0il-
fueled steam unit will not be affacted by the HGP-A generator.

Sincerely,

Hideto Kono

HK/1k
cc: Office of Environmental Quality Control
Dean Yuen, College of Engineering, University of Hawaii
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PARTIAL BIBLIOGRAFHY OF REPORTS ON
THE HAWAII GEOTHERMAL PROJECT
1973-77

Management Program

1.

Shupe J., "Geothermal Power for Hawaii -- Phase I,'" Gacthermics,
Vol. 2, Nos. 3-4, 1973, pp. 101-104.

Shupe, J., et al., "he Hawaii Geothermal Project: Summary Report
for Phase I," HGP Report, Homolulu, Hawaii, May 1975,

, '"The Hawaii Geothermal Project: Initial Phase LI Progress
Report,' HGP Report, Honolulu, Hawaii, Feb. 1976.

Shupe, J., "Hawaii Ceothermal Project Well A," Procsedings of the First
National Geothermal Conference, Palm Springs, 1976,

Shupe, J., et _al., "Geothermal Emergy in Hawaii -- Hydrothermal Systems,"
Eleventh I.E.C.E.C. Transactionms, 1976.

, "Phase III -- Well Testing and Analysis: Progress Report
for the First Quarter of Federal FY77," HGP Report, Homolulu, Hawaii,

, "Phase III -- Well Testing and Analysis: Progress Report

For the Second Quarter of Federal FY77," HGP Report, Honolulu, Hawaii,

April 1977.

. "phase III -- Well Testing and Analysis: Progress Report
For the Third Quarter of Federal FY77," HGP Report, Honolulu, Hawaii,
July 1977.

Geosciences Program

l.

2.

3.

Furumoto, A., "A Coordinated Exploration Program for Geothermal Sources
on the Island of Bawaii,' Proceedings of the Second U.N. Symposium on
the Development zud Use of Geothermal Resources, vel. 2, May 1975,
pp. 993~1001.

McMurtry, G., et al., "Chemical and Isotopic Investigatioms of Groundwater
in Potential Geothermal Areas in Hawaii,' Hawaii Institute of Geophysies,
Honolulu, Hawaii, 1976.

Lau, L.S., "Interim Summary of Groundwater Quality in the Vicinity of
Puna Geothermal Exploratory Well HGP-4,'" HGP Report, Honolulu, Hawaili,
Oct. 1976. ‘
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4, Kroopnick, P., et al., "Hydrology and Geochemistry Subtask,' HGP Report,
Homolulu, Hawaii, 1976.

5. Lau, L. S., 'Water Quality of HGEP-A Well Waters,' (abstract), HGP Report,
Honolulu, Hawaii, 1977.

Engineering Program

1. Cheng, P., "Mumerical and Analytical Studies on Heat and Mass Transfer
in Volcanic Island Geothermal Reservoirs,' Proceedings of First Work=-
shop on Geothermal Reservoixr Zngineering and Well Stimulation,
pp, 219-224, Stanford, Ccaliformia, (1973).

2. , '"Heat and Mass Transfer in Liquid-Dominated Geothermal
Reservoirs,' Letters in Heat and Mass Tramsfer, Vol., 3, pp. 81-88,
167s.

3. , ''Buoyancy Induced Boundary Layer Flows in Gaothermal Reser-
voirs,' Proceedings of Second Workshop on Geothermal Reservoir Engineer-
ing, pp. 236-246, Stanford, California, (1976).

4, , "The Influence of Lateral Mass Efflux on Free Convection
Boundary Layers In a Saturated Porous Medium," International Journal
of Heat and Mass Transfer, Vol. 20, pp. 201-206, 15977.

3. , "Constant Surface Heat Flux Solutions for Porous Layer
Flows," Letters in Heat and Mass Transfer, Vol, &4, No. 2, pp. 119-128,
1977.

6. , "Combined Free and Forced Convection Flow about Inclined

Surfaces in Porous Media," Internatiomal Journal of Heat and Mass
Transfer, Vol. 20, pp. 807-814, 1977,

7. , "Similarity Solutioms Ior Mixed Convection from Horizemtal
Impermeable Suriaces in Saturated Porous Media,' Internatiomal Journal
of Heat and Mass Tramsfer, Vol. 20, pp. 893-898, 1877.

8., Cheng, P. and I-D. Chang, "Ehoyancy Induced Flows in a Porous Medium
Adjacent to Impermeable Horizontal Surfaces," Internatiomal Jourmal of
Heat and Mass Transfer, Vol. 19, pp. 1267-1272, 1576.

9. Cheng, P. and W. C. Chau, "gimilarity Solutioms for Comnvection of Ground-
water Adjacent to Horizomtal impermeable Surface with Axisymmetric
Temperature Distribution,' Water Resources Research, Vol. 13, pp. 768-772,
1977.

10. Cheng, P., et al.,""Numerical Solutions for Steady Free Convection in
Island Geothermal Reservoirs,' Procgedings of 1975 International
Seminar on Future Energy Production -- Heat and Mass Transfer Problems,
pp. 429-448, Dubrovnik, Yugoslavia, (1975).

. S N
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11,

12,

13.

14,

15,

16,

17,

18,

19,

20,

21,

22,

23,

Cheng, P. and K. H. Lau, "Numerical Modelling of Hawaiian Geothermal
Resources," Geothermics, Vol, 2, Nos. 3-4, pp. 90-93, 1973,

, "Steady State Free Convection in an Unconfined Geothermal
Reservoir,' Journal of Geophysical Research, Vvol. 79, No. 29,
pPP. 4425-4431, 1974, ‘

s. 'The Effect of Steady Withdrawal of Fluid in Confined
Geothermal Reservoirs," Proceedings of Second U, N. Symposium on
Development and Use of Geothermal Resources, Vol. 3, pp. 1591-1598,
San Francisco, California, (1975),

Cheng, P. and W, J. Minkowycz, ''Free Convection abour a Vertical Flat
Plate Embedded in a Saturated Porous Medium with Application to Heat
Transfer from a Dike," Journal of Geophysical Research, Vol. 82, No. 14,
PP. 2040-2044, 1977,

Cheng, P. and L. Teckchandani, "Numerical Solutions for' Transient Heating
" and Withdrawal of Fluid in a Liquid~Domim ted Geothermal Reservoir,"”
American Geophysical Union, Monograph #20, in press,

Chou, J. C., et al., "Regenerative Vapor Cycleé with Isobutane as Working
Fluid,"” Geothermies, Vol. 3, No. 3, pp. 93-99, 1974,

Johnson, C. H, and P. Cheng, "Possible Similarity Solutions for Free
Convection Boundary Layers Adjacent to Flar Plates in Porous Media,™
International Journal of Heat and Mass Transfer, 1977,

Kihara, D., et al., "Instrumentation and Test Results for Hawaii Geothermal

Project’s HGP-A Well," Summaries of Second Workshop on Geothermal Reser-
voir Engineering, pp. 109-115, Stanford, California, (1976).

' » ''Summary of Results of HGP-A Well Testing," Summaries of

Third Annual YWorkshop on Geothermal Reservoir Engineering, Stanford,
California, in press (1977). . ,

Kihara, D. and P, Fukunaga, '"Working Fluid Selection and Preliminary Heat
Exchanger Design for a Rankine Cyele Geothermal Power Plant, " 2roceedings
of Second U. N. Symposium on Development and Use of Geothermal Regources,
Vol. 3, pp. 2013-2020, 1975,

Lau, K. H. and P. Cheng, "The Effect of Dike Intrusiom on Free Convection.
in Unconfined Geothermal Reservoirs,' International Journal of Heat and
Mass Transfer, Vol. 20, pp. 1205-1210, 1977,

Minkowycz, W. J. and P. Cheng, "Free Convection about a Vertical Cylinder
Embedded in a Porous Medium," International Journal of Heat and Mass
Iransfer, Vol. 19, pp. 805-813, 1976,

Takahashi, P. and B, Chen, "Geothermal Reservoir Engiﬁeering,” Geothermal °
Energy, Vol. 3, No. 10, pp. 7-23, 1975.



~

-3 C

.

€1

| S

— -

{-=

D.

24, Takahashi, P., et al., "State-of-the-Art of Geothermal Reservoir

Engineering," ASCE Journal of the Power Division, pp. 111-126, 1973.

Environmental-Socioceconomics Program

1. El-Ramly, N., et al., "Geothermal Power Ecomomics: An Annotated Biblio-
graphy,' Vol. 1, HGP Report, Honolulu, Hawaii, Feb. 1974.

2, DPeterson, R. and XK. Seo, "caothermal Power Economics: An aAnnotated
Bibliography,' Vol. II, HGP Report, Honolulu, Hawaii, Sept. 1974.

3. DPeterson, R., "Economic Factors in the Optimal Depletion of Resources, "
HGP Report, Homolulu, Hawaii, March 1975,

4, , "Ecomomic Factors in the Longevity of Resources,” HGP Report,
Honolulu, Hawaii, April 1975.

5. -Grabbe, £. and R. Xamins, "State Policy Considerations for Geothermal
Development in Hawaii," Geothermal Energy Policy Project Report,
Honolulu, Hawaii, April 1975.

6§, Kamins, R., "'Geothermal Development Policy for an Isolated State: The
Case of Hawali," Proceedings of the Second U, N. Symposium on the
Development and Use of Geothermal Resources, Vol, 3, May 1975,
pp. 2383-2388.

7. Petersom, R., "Economic Factors in Resource Exploration and Exploitatiom,”
Proceedings of the Second U. N, Symposium ou the Develooment and Use
of Geothermal Resources, Vol. 3, May 19753, pp. 2333-2338,

8. Peterson, R. and N, El-Ramly, 'The Worldwide Electric and Nomelectric
GCeothermal Industry," HGP Report; Honolulu, Hawaii, Dec. 1975.
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